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the vies of both 


Written inLatine by. 


AND RENOWNED FOR 


vertue, learning, and true valour, 
Sir KENELME DIGBYE 
Knight, 


Xe HE excellent accompliſhments where 
WJZ with you are adorned both of Tvertne, 
SS ard learning , and particularly i in the 
Marhemarticall Sciences ,cogether wit; the Ho- 
xourable reſpedt the Author bereof beareth vnto 
".# your Worth, and his deſire to teſtifie the ſame, 
"—_- hath malle mee preſume to preſent. ronto you, and 
eOnder the happy anſpice of your renowned name, 
to publiſh to the world this Treatiſe : the owning 
hereof though 1 may not chalenge to my ſelfe, yet 
the birth and prod. ion , Whereby it bath a being 
#0 the benefit ofothers ,u, 6 Ynito a ; ſecond parent, 
due ronto me. 
ns 7 being in the time of the long vacation 
12 630, the Country, atthe houſe of the Revue» 
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The Fpiitle Dedicacorie, 


rind, and my meſt worthy friend, and Teacher, 
M' W 1{liam Oughtred (to whoſe inſtrufion I 
ewe both my initiation, and whole progreſſe in 
t! eſe Sciences.) 1 ypon occaſton of ſpeech told bim 
of a Ruler of Numvers Sines, & | angents, 
Which one had beſpoken to b2 made (ſuch as ts vſus 
ally ca "ed N,%, Gunters Ruler) 6 fet long,zo be 
v/ed Wit) a payre of beame-compaſſes. _ He an- 
© ſwered that Was a poore vention, and the pers 
© formance Ve, J troubleſome : But, ſaid he, fee- 
«419 yon are taken With ſuch mechanical wayes 
* " Inſtruments, I wii ſhew you what deuiſes [ 

* haue had by nee theſe many eares. And firſt, 

hee brouzht to mee two Rulers of that /ort, to be 
AT ſed "ig applymg one to the other, without any 
compaſſes : and after that hee ſhewe 'd mee thoſe 
l:nes caſt into a circle or Ring, with another. 
moueable circle 1pon it. I ſeemy the great ex» . 
p:diteneſſe of both thoſe wayes z but eſpecially, of 
the latter. wherein it farre excelleth any other In- 
firument which hath bin knowne ; told him, I wone 
der-d that hee could ſo many yeares conceale ſuch : 
oſef.ill inuentions, not onely from the world, but 
| from my ſelfe, to phe n other parts and m) le- 

ries of Art,be had bino liberall, © Fe anſwer ed, 
| wi; hat 


The Epiſtle Dedicatorie. ' 


& That the true way of Art is not by Inſtruments, 
« bur by DemonFtration : and that it is a pripo- 
& teruns courſe of vulgar Teachers, to begin 
« with Inſtruments, and not with the Sciences, 
< nd ſo in-ſtead of Artiſts, to make their Scholg 
«f [ers only doers of tricks, and as it were Tuglers : 
« t9 the deſpite of Art, loſſe of precious time, and 
&« betraying of Willms and induſtrious Wits,Onto 
© ;onorance,and idleneſſe. That the vſe of Inſtra: 
&« ments 1s indeed excellent,if a man be an Artiſt : 
& but contemptible , being ſet and oppoſed to Art. 
& And laſtly, that he meant to commend to me,the 
« Skill of Inſtruments,but firſt be would haue me 
© well inftrufed m the Sciences. Fe alſo ſhewed 
me many notes, and Rules for the Tſe of thoſe 
circles, and of his Horizontall Inſtrument, 
(Which he had prote&ed avout 3 © yeares before ) 
the moſt part written in Latine. All which T obs 
tained of him l:aue totranſlate into Engliſh, and 
make publique, for the oſe, and benefit of ſuch «s 
were ſt» ious,e9 lowers of theſe excellent Sciences. 
IWhich thing while I with mature and diligent 
care ( as my occaſions would giue me leaue) went 
about to doe : another to whom the Anthor in a 
lowing confidence diſcouered this intent , v/mg 
more 
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more haſt then good ſpeed, went' about to preccu.. 
pate ; of thich vutimely birth, and prenenting (if 
not circumuenting )forwardneſſe, 1 ſay. no more ? 
but aduiſe the fludions Reader, onely [6 farre to 
#r#/2,as be ſhal be ſure doth agree totruth && Art. 
And thus moſt noble Sir, without any brauing- | 
flonriſhes , or needleſſe multiplying of tautolo- 
ized and erroneens precepts,innaked truth,and. 
in the modeſt ſimplicity, of the Author biriſelfc 
(Whoſe knowne skill.m' the whole Syteme of Ma-- 
thematicall learning, will eafily free him from the- 
ſuſpicion of hauing the way made for bim, and the 
ſubieft -vnnuailed 5 £0 help hu fight) I haue not s 
withſtanding vnder the proteEion of your courtes 
015 fauour,and learned tudgement, perſiſted in my 
long conceived purpoſe of preſenting this tratate 
to the publique view, and light, Wiſhing withall 
pnto you encreaſe of deſerned honor and bappines. 


Fel 


May the #. 163.2, 4 JU 59 


and admirer 
_ © of your Worthines, 


WiLLIAaM FORSTER. 


>» — — 


TO THE ENGLISH 
GENTRHLIE., 


and all others ſtudious of the 


MATHEMATICKS, Which 
ſhall bee Readers 
hereof. 


The juſt Apologicof WiL : OvenrRED, 
againſt the flaunderous infimulations of 
RICHARD DELAMAIN, ina Pam- 
phlet called Grammelogia, or the MMa- 
thematicall Ring, or Mirifica 


logarithmorum projeftio 
ctrcularis. 


KP Onourable, and much honoured Gentlemen, T was 
& of lare at my comming up to London, for the per- 
F formance of mine ordinary ſervice in the houle of 
B my moſt Honourable Lord the Earle of Arundell 
G and Surrey, and Earle Marſhal!' of England , by 
many of my loving friends preſented with a molt 
idle and ſcandalous Pamphlet- written nes me by Richard Dela- 
maine, who 'profeſſerh himſelfe a Teacher of the Mathematickes 
about the City : Wherein I am brought before you upon the Scaf- 
fold, and with 2ll the petulancies of a vexed mind and diſtempered 
paſſion, infimulated and charged with, I know not what, injuries 
he pretendeth I thould have done unto him (your noble ſelves alſo 
by him ingaged therein, and incen(ed againſt me) and ac laſt, as if 
quire caft, I am ſchooled by him with a om Lecture or Common 
place againſt Slaunder and Detraftion. 1 did much wonder at it, to 
ſce my ſelfe ſo baſely and impudently abuſed by one whomT never 
had wronged, but had done yery many courteſies for, giving him ac« 
cefſe to my chamber in Arundell Houſe day by day, teaching and 
mſtruting him in that facultie he profeſſeth : not anely Catisfying 
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An Apologeticall Epiſtle. 


his ſcruples in thoſe things he partly knew : but even laying the ve- 
ry foundation of diverſe parts , whereof kee was uterly-ignorant, 
And I did not ſo much maryell to ſce him ſo bold with me apoore 
man, but duſt and aſhesz as I was amazed to ſee him (6 fearefully 
(yet withour feare) to play with Almighty God, bypocritically and 
againſt his owne conſcience in things apparantly falſe, invoking and 
challenging his all-knowing teſtimony : and in the middeſt of his 
moſt unmannerly raylings, m his booke ; and his ſtlaunderous b ack- 
biting and depraving me, by audacious intruding himſelfe upon my 
moſt honourable favours with falſe complaints, utterly to over- 
throw and diſcredite me ;.in-a perfonated admonition z22inft ſuch 
encharitable calumniations, to pronounce judgement againſt hir:;.. 
ſelfe, But of theſe things we thall, God willing, fee more in £00d 
. time. I borrowed and perwed that worthlefic Pamphlet, and in 
reading it (I befhrew him for making me caſt away ſo much of that 
little time is remayning to my declined yeares) I met with ſuch 2 
patchery and contuſion of disjoynted: ſtafſe, that I was ftriken with 
anew wonder, that any man ſhould be (o timple, as co ſhame him- 
felfe to the world with fuch a hotcheporch. 


In the two firſt pages, (for fo he afcerward calleththem) are twe 
Schemes of his Inſtrument. In the fourth page is his Epiſtic to the 
Kings Majettie, Inthe 5, 6, 7, are verſes to his great commenda- 
tion, In the 8: to the end of 21, he hath an Epiſtle opprobrious 
againſt me, molt plzinely ſ:]l pointing me out, that he needeth nor 
to name me: > therein moſt learnedly dif pureth with me h;; 
Jealous oppofite, and the ſuppoſed, and aſſumed author, and divu'g:r,and 
what not, in ſixe whole leaves, a queſtion about the aſſes lhadoyw, 
I ſhould have ſayd, whether the ring, or the Index at the center, bce 
the better ? char word BETTER cruelly wrings him. What, /uch 8 
compariſon of BETTER ?. ſuch actmaparative aſperfion of BETTzR ? 
Too great, and. too looſe an afperſion : An unſavory report indeed ; 
which ſavours of too high a conceipt of the one, and too great a detra- 
dion from the oxher : Endeavourinz, what in himlyeth, to annihilate- 
and beate downe the way, which I write upon, and to glory in the ray- 
frng up of his ſuppoſed owne : thereby not onely poſſefling men with ay 
wntruth, but making Mz alſo ignorant in Mr choyce, that T ſhould 
leave unto the world the weakeſt and imperfefteſt part of the proje tion 
of the Logarithmes, andleave the beſt for another to write upon. 1 nc- 
ver thought, when 1 faſt writ upon this my invention or my name ſo t0 
come to the worlds rumour + which may teach Mz and others careful- 
#e//e bereaſter (yea and fit it ſhould) how and what WE publiſh to the 
world : ſeeing there are ſuch sarpers and maligners, ſuch buſy-bodies, 
who marre what others make : ſuch who have ftings like Bees, and ar- 
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rowes to ſhocte * ſparp-witted Critiches, Diogeves-like ſaarling, who 
while oe will needes have many callings, neglect their owne. Good 
Sir be pacifyed: who troublerh your patieace ? J, whom you make 
your df 1 (a berter friend then you deſet ve) Byers I affurc you, 
delivered that comparative attribution ; I diſclaume it utterly : I ne- 
ver made compariſons with you : you muſt ſceke you ſome other 
antagoniſt, And now what ts become of your angry queſtion of 
BBTTBR 2 it had been much better, and more for your honeſty, te 
have held your peace. | 


w 


But we will goe on. in your Pamphlct. Nexe folloyeth a ſecond 
Epiſtle ro the Reader, Pag : 22, 23, Then the projciting and di= 
viding the circles of the Ring, from pag : 24, till the End of 43. 
Wherein you pleaſe your ſelfe much with a portentuous invention of 
your great Cylinder, for a ſfudy (ks that wit be at the charge(ſubaudi) 
were a great f oole) of a yard diameter : which brave conceipt doth (o 
elate,or rather cttcrate you,rhat in the very next leaf you muſt needs 
give me a laſh: very wiſcly unveyling a great ſecret abour the circle 
of equall parts. After this, rwenty rwo wholeleates being already 
paſt, you beginne in pag : 1, with your Pamphlet printed 1630; 
worthy indeed for the learnedneſle of it to be enrolled in this difor- 
derly band. And then in token of triumph, pag : 24, you ſt up a 
banner of other encomiaſticall verſes. 


T.etme now ſee whither we are come : and we had need looke 
abour us : .for here is a vaſt hiatus, @ bage Guife. And upon an in- 
ſtant from pag: 24 we are hurryed: to pag : 53 : Where tenthly we 
have a third Epiſtle to the Reader, that promiſeth him wonders in 
Aſtronomie, Horolography, in plaine triangles, applyed to dimenſions, 
Navigation, Fortificetion, &'s. marry this &c. was well putin : 
but it had done paſſing well tyfo lines before. Yet you have provided 
well enough for all that: you haye' left a great lacuna, { wa what 
you have no $kill1n now, peradvengure you may hereafter picke out 
of the labours of ſome other : and then challenge it as comming 
within your inteetions * and thence ſupply your vacuum. 


After all this he rambleth backe againe, by way of introdu2ion : 
of” the examination of the greduation of the circles of thering : which 
way ſerve as aninducemext and jurtherance to the learner, to fit and 


_ ecquaint him. What, are we no farther yet ? we have fairely rowled 


Syþp hus tone : but to make amends, we haye a few ſcrambling uſes 
in Aftronomie, in Dyalling in plaine triangles, from pag : 56 to 67. 
And'then the Flag of encomiaſtical verſes,of p.244is again gloriouſly 
diſplayed in pag : 68, Fy upon foolery ! Fy upon es ! Fy 
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upon ſuch miſerable penury of matter! Now make roome : Here 
comes a nevv projettion of circles enlarged, either by a moveable and 
fixed circle, or by a fingleprojeftion with an 1ndex at the peripheria, or 
center : for here is plenty and variety. A wendrous ſecret it is, that 
a man may divide either one circle, orel{e<foure, or ten circles; or 
as many as one will, into rooo <quall parts. But here our Ynvayler 
hath a worſe rub in his way, As ſpite would have it, this was firſt 


| hitupon by one Thomas Browne a Toyner : on not one word of 


| Bjowne.: oncly. 1ama beame in his eye. An 


herein lyeth a myſte- 
ry of hisskill : He holdeth it no maſtery to joyne forces with a Ioy- 
ner : but by ſetting on a bold face, if with petulant inſolencies hee 
fhall dare mee ;. hee thinketh the attempt will bee more glorious. 
Whercin 1 thanke him for putting a little difterence inhis efſtima- 
rion for matter of art betweene me and a Ioyner. And yet there is 
another matter in it too. Browze hath done it in a Serpentine line ; 
and he in juſt circles : the very names ofcircle and Serpentine (though 
the things chemſelves arc the ſame: the ſerpencine revolution be- 
ing but two true. ſemicircles deſcribed on' ſcyerall centers) may to 
the ignorant (for ſuch they are chat Delamaine mult perſwade) ſeeme 
to intimate things different in nature: and ſo make good his claime 
againfl. Browne. This part he cuts off ſhort in two leafes onely ; re- 
ſerving all the reſt,- chat ought ro be ſpoken thereof (which he will 
find.harder'then he conceiveth) to his large intentions. 


But ney (vvoe is me therfore) my puniſhment is at hand. All the 
reſt of this worthy Pamphlet, whiclt is thirteene leafes- (except the 
Faft page onely, which is alſo an Epiſtle 20the Reader, the very ſame 
promiſing one, which was before in pag : 22, the former) is a moſt 
vile, unmannerly, and barbarou$: inve&ive againſt me: full of un- 
truths, full of malice, full of ſcandal], full of hypocriſy. In pag: 73 
I am argued of ſpreading. unſavoury rumours : who (God knowes) 
haye ſcarce ſo much as thought upon him, till this ſcandalous Pam- 
phler came to my hands :. and of zgnorance of his intentions 5 where- 
as it partly hath, and ſhall bettex,appeare, that 1 know his intentions 
well enough. Then followeth pag: 74, a fourth Epiſtle zo the 
Reader,ſhort, but yery quick: chat the world bath bin abuſed,as well as 
himſelfe,with a falſe rumour rayſed by ſame rude & igncrant tongue: 
by.their malicious phantafie : and that he (good ſeule) td 10t intend 
to take this courſe, but ſought peace, end his 'right by a private 'and 
friendly way : but fayling of it, his good intentions [corned and flighted, 
wakerh the enſuing diſcourſe hu plea. | | 


| Noble Gentlemen, excuſe I pray y ou my moſt juft' indignation, 
While he was ridiculous and yaine un his opprobciesy I dallyed mn 


— 


A # Apologetical Epiſtle 


him: now this fo deepe taxing me-of want of charity, in retuſing 
peace ſought, and proſecuting contention and diſcord, contrary to 
my Chriſtian duty, pierceth to the quicke : which only ſcandal-full 
calumniation had-it not been, I had ſcarce vouchſafed an anſwer to 
all chereſt, Impudent and impure mouth, for ever be thou ſtopped, 
that delighteft in launder, and ith lyes cuteſt like a ſharpe razor ! 
When did(t thou eyer ſeebe peace of. me, and I refuſed ut ? when did 
I not but moſt mildly and modeftly behave my (clfe unto thee ? re- 
tucning thee good words for ill : which my Chriſtian humility thou 
haſt,. it ſecmeth in thy pride interpreted abjeAneile , and growne 
thereby more importunate and unreaſonable. . What have I done ? 
what have I ſpoken at all,. witiz which thou canſt juſtly charge me of 
_— ? how many wayes haſt chou moſt intollerably provoked me, 


friendſhip, then by theſe cballenges yeu are ever like to get. And 
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ring to get 2ny advantage out of my words) you ſhameleflely exclai- 
med wpon me to my Lord Marſhall, and tomy Lord of Londog, 
and to as many of the Nobility , Gentrie, and Clergie, as you 
thought I was kaownto ; that ſo by depriving me of my friends 
and hopes, you might procure my utter undoing. Is this yoar Chri- 
ſtianity ? Is this @ private end @ ſriendly way ? is this to /eeke peace ? 
are theſe your good intentions ? which becauſe you had not your 
wicked purpoſe in, you hold as /lighted aud /corned: and God grant 
that they may be ever ſo /ighted and ſcored, that is fruſtrated of 
their divelliſh intentions and defignes, as many as have evill will 
againſt the innocent. Thus have you ſeene in him (honoured Gen- 
tlemen) the lively charaer of a querulous,, clamorous, injurious, 
ill natured man: that like an angry curre can together bite and 
whine: crying out upon wrong , when hee humſclfe is the onely 
wrong-doer. F 

But reaſon is wee ſhould heare his plea : in which hee ſtill playech 
his owneÞart, that is of ſcurrility, calumniation, out-facing, and hy- 
pocriſy. A pittifull caſe it was indeede that the world ſhould pie ou: 
his yanity in afſuming to himſelfe the firſt diſcovery of the Horizon- 
tall projeRion and circles of proportion : Ir was @ malevolous dilpg- 
ſition of envions detradours : famouſing ſome, and infeining others : 
which did not a little diffurbe the quiet and peace, which formerly hee 
enjoyed : when in his greedy hopes hee had ſwallowed downe the 
golden baite of vainc-glory, and of a large fee out of every Inſtru- 
ment the workeman ſhould ſell. But al/o lacked bis intentions : or 
elſe there had becne yet greater helpe for ſuch as affeft Mathematicall 
(he would have ſaid Manuall or Inftrumencall) predices : Not out of 
mercenary reſpeft , nor interlaced ( O ſtay there : tell the very plaine 
truth : and (ay, Not without mercenary reſpe@: interlaced) with 
delufions & bumbaſt tuff by way of illuſtration, tf not confufion: Had he 
not bin prevented by ſome others,whoſe caflings might have invited them 
to ſpend their houres tetter : and which have work enough at home : 
whoſe ambition to bee ſomebody bath incited kim forward to deliver 


ſome ſuppoſed new Puffe , or ſcrambling pieces , if not confuſed frag- 


ments of his owne , or ſome others to @ publicke view , tn obſcure and 
warious phraſes : athing ſuppsſed to be forged of ſundry heads, rather 
then one alone : ſeeing there u ſuch roving from the text : onely ſo farre 
10 be truſted, as is agreeable to the text anddofirinall methede : among [7 
whom to blow ſc me ſmoke thereto, there was ſome groſſe one, ſeeing the 
matter is 0 common ; for to a finer element perhapy his capactty could 
wot aſſent, or aſcend: Tet there was ſome hozeſty ſhowne not to take 
the crep, but the gleanings,hslding it eaſyer to follow @ beaten path,thee 
to hazard a diſcovery. A blind guide, and a Farats ſpeech are not much 


different © 
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different : the one walkes he knowes not whither, and the other deakes 
he knoweth not what : and/uch are all precepts in arts,which leade,and 
make men ſpeake without demonſtration : which dye not onely protra? 
the tudicus, and fruſtrate the affeFionate, but maketh an ingenious ſpi- 
ris (who # ever more rational then prafticalt)to contenme ſuch circum- 
!ocutions, and laugh in private, if not in publicke, at thelearned ſtile of 
{ome Authours making themſelves by their obſcure kind of writing [ec 
mingly fam'us, fficke not.to calumniate othe; s ro make them infamous : 
it is 8n ancient Provcrbe among #s , Good wine needethno buſh : But 
the wine muſt not be faſt lockt up then, that none can come by it, if ſoit 
wants bath buſh and key, Excellently ſcoldcd : even (6 1 have ſomes 
times at a publicke Conduit heard a Tankard-woman in her furious 
and rayliag fir ; till ſhe hath runne her (elfe quite out of breath, ane 
ſenſe, But Richard Delamain, are you ſo mad upon the fruſtrated 
prey of your vain-glory and lJucre, that neither the {acrednefſe of my 
funRion, nor the reverence of mine age, nor my many good deſerts, 
nor my innocencie of any ill demerite, nor your knowledge of ſome 
$kill I have in thoſe ſciences, can eſcape the derifion of your (urdoni- 
call laughter, nor the wound of your virulent congue 2 You arc not 
in this fall paſlion to be reaſoned with. Onely I will ſoberly tell you 
that [Yilliam Forſter, whom you call a Parrat ſpeaking he cannot telf 
what, is a farre more grounded Arult in all parts of the Mathem3- 
ticks rhen is R, D 7 and better knoweth what belongeth todemon- 
{tration then Re D: doth: as may ſoone bee tryed. And as for my 
Clavis Mathematica, at which you make your ſclfe ſo merry, though 
I doate not, 2s you doe, upon mine owne (for I ſuppoſe you will not 
liy claime to that roo) yet I confeſle I like it the becter, becauſe ir 

leaſeth not your palate,to which nothing can (avour, thar is learned 
and Analyticall : bur onely the ſup-rficiall ſcumme and froth of In- 
ſtrumentall trickes and practices. Ir is you ſay hard and ſhort ; Did 
2ny man, I pray you, ever make a key, bur of hard matter, and pot+ 
rable forthe ſmallneſſe ? and yer it openeth an cntrance into the 
moſt magnificent ſtrutures, I ſee you, and ſuch as yon are, looked 
for an Epitome : you weredeceived : Ir is the way of rationall $ci- 
cntialliſts, not of ground-creeping Methodicks. Hee that defireth 
therein any reſolution, to him I have in the Epiſtle, forthe honour 
of my molt illuſtrious Lord, in whoſe ſervice and family I penned 1t, 
moſt freely profered my ſelfe gentle and curteous. He thar liketh it 
not, may let italone. But to him that can rightly uſe that key, it will 
unlocke the hardeſt myſteries of thoſe Sciences, and of the writers 
thereof; as is not unknowne to many, Who to their great content- 
ment haye beene and are verſcd thercie. 


My calling miniftreth to A. D. a diverſe and contr:ry matter, both 
- of 
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of mirth and (candall. His mirth I willngly Icave unto him, as not 
unbcfitting the reft of his good manners : for hypocriſy and pro« 
phaneneſic may well (ymbelize together. His {candall, being taken 
atthe good gifts of God, cannor zlſo bur bec moſt unjuſt. For it 1s 
not without impiety to be affirmed, that any part of good literature 
is alien and abbor:ent from the calling of a Divine.: but that 1n all 
ages many of the moſt eminent in the {ublimity of T heologie, have 
beene alſo converſant in the fludy of the Mathem..ricks ; meſt pro- 
fitably m:king them to ſerve a1:d ana late totkerr higheſt conteme 
platiens : and they that have wanted (uch helpe, have heartily wiſh- 
cd for it, and found inthemſclves the detet. And that in no other 
thing, after his ſacred word, Almighty Ged (who creating all things 
in number, weight, and meaſure, doth moſt ex.-Qly Geometrize 
hath left more exprefle prints of his heavenly & infallible rruth,then 
in theſe Sciences: in which onely the mind and underſtanding of a 
man can find ſecure reſt and ſure footing ;z all other knowledges be- 
ing involved with a thicke miſt of ignorance and obſcurity. Beſides, 
that the exerciſe of theſe Arts accultomed to the certainty of demon- 
ftration, quickenerh the underſtanding,roufing it up from alafie and 
drowfic indormition and ſervile afſent to dialeRicall and conjeu» 
rall probabilities, and ſpurring it forward, and ſupplying it with 
meanes, unto the accurate inyeſtig.tion of true and undeceivable 
principles. Now tell nie AR, D. are theſe ſtudics worthy of a Divine, 
orno? Indeed to know no more thereof thea you know, that isto 
play with Inſtruments as a child doth with babies, or a Tuggler 
(chough the word trouble you) with his trinkets, is unworthy of a 
Divine, yea of a rationall man: worthy onely of ſome rude and rea- 
ſonlefle dulman. 


—— — 


——_ 


But he upbraideth me for taking libcrtie entugh to the lee of time : 
and ucgletiing my calleng. 1 muſt confelle this ſcandall cutteth deepe : 
and hath with them, to whom:I :m not knowne, wrought me much 
prejudice and diſ:dvant-ge, in anſwering whereof I mult crave your 
patience in all humble modeſty,to make a briefe recitall of the courſe 
of my poore laborious and painfull life. 


Next after Eaton ſchoole, 1 was bred up in Cambridge in Kings 
Colledge : of whuch iociety I was a mcmber about eleven or twelve 
yeares: wherein how 1 behaved my ſelfe, going hand in hand with 
the teſt of my ranke in the ordinary Academicall ftudies and exerct- 
ſes, and with what approbation, is well knowne and rememibred by 
many : the time which over and above tholeuſuall fiudies I employs 
ed upon the Mathemaricall ſciences, I redeemed night by night trom 
my n1ur:1i ſleep, defrauding ny body, and inuring it to watching, 
cold 
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cold, and labour, while moſt others tooke their reſt. Neither did I 
chercin ſeek only my private content,but the benefit of many: and by 
inciting,affiſting, and inftruQting others, brought many into the loye 
and ſtudy of rhoſe Arts,not only in our own,but in ſome other Col- 
ledges alſo: which ſome ac this time (men far better then my ſelfe in 
lexrning, degree, and preferment) will moſt lovingly acknowledge. 
Ever ſince my departure from the V riverfity , which is about thirty 
yearcs , I] have lived necre to the Towne of Guildford in Surrey : 
where , whether 7 have taken ſo much liberty to the lrfſe of time, 6nd 


the negled# of my calling, the whole Conntrey thereabour, both Gen-' 


try and othcrs, to whom I am full well knowne, will quickely in- 
forme him ; my houſe bcing not paſt three and twenty miles Cem 
London: and yet 1 ſo hid my (elfe at home,that I ſeldomly travelled 
ſo farre as London once.in a yeare. Indeed the life and mind of man 
cannot endure without ſome interchangeablenefle of recreation, and 
pawlſcs from the intenſive aftions of our (everall callings: and evc- 
ry man'is drawne with his owne delight. My recreations have been 
diverſity of ſtudies: and as oft as I was toyled with the labour of 
my awne profeſſion, I have allayed that tediouſnefle by walking in 
the pleaſant and more then Elyſian fields of the diverſe and yarious 
arts of humane learning, and not of the Mathematics onely. In 
all which knowledges if I have attained to no more ripenefſe and 
perfeQion, then to be reputed, and dared out by Richard Delamain 
with ſuch contemptuous challenges,as a match ſcarce equall for him, 
it is ſurely a great meaneneſſe and defe& of naturall gifts in mee 
(wherein I have juft cauſe to be, andindeed am, humbled) and noc 
alrogerher ſo much any lofſe of time. | 


About five yeares ſince, the Earle of Arundell my moſt honou- 
rable Lord in a time of his private retiring to his houſe. in the coun- 
trey, then at Weſt Horſley, toure ſmall miles from me (though fince 
he hath a houſe in Aldebury the pariſh 'whereT live) hearing of me 
(by what meancs Iknow not) was pleaſed co ſend for me: and af- ' 
terward at London to appoint mee a Chamber in his owne houſe : 
where, at ſuch times, and in ſuch manner as it ſeemed him good to 
imploy me, and when I might not inconveniently be ſpared from my 
charge, I have been moſt ready to preſent my ſelfe in all humble and 
affcionare ſervice: I hope alſo Without the offence of God, the. 
tranſgreflion of the good Lawes of this Land, negleR of my calling, 
ar the deſerved (candall of any good man. And R, D. too, (if hce. 
had ſo much grace or wit) may taxe himſelfe of malapert (avwvlineſſe 
to call in queſtion the priviledges and wills of Noblemen,the diſpen- 
(ations of the Lawes, and the conſciences of others, by ſuch unchari- 
table and ſcandalous cenſurcs. Bur hee and his like muſt be (uf- 
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fercd ro preſcribe lawesi for others, and not ſo much as keepe good 
managers themſelves. 


And: alchough I am ns mercenary man, nor make profeſfion to 
teach any one in theſe arts RN and. recompence, bur as I ferye 
at the Altar, ſo I live enely of the; Altar : yet-in thoſe interims tha 
Lam at London.in my Lords ſervice, I have been ſill much freque; « 
xd both by Natives and Strangers,for my reſolutian and infiruQtion 
1a.many difficult poynts of Art 3 and havemolt freely and lovingly 
imparted:my ſelfe and my skill, ſuch as I had, to their contentmens, 
and much honourable acknowledgement of their obligation to my 
Lord for bringing mee to London, hath beene reſtifyed by many, 
Of which my hibcrallity. and unwearycd readineſſe to doe good ty 
all, ſcarec any one can givemore ample teſtimony then R, D. him- 
ſelte can : would he be but pleaſed to allay the fl wme of this his hot 
and eager contention, blewne up onely with the full bellowes of in- 
tended glory and gaine ; and to ſpeake the truth. Yea ncither is hee 
fo unkind : buc /ome ſurtherance from mee in trruiall matters hee doth 
and ſhall acknowledge freely. T his were an honeſt profeſſtonif it wee 
with gratitude, and for leye of the truth, and nor to affert a greater 
untruth: Sec his:cunning > thus he argues : 7 bad net in the Horiqon- 
call Inflrument the teaſ? touch of furtherance from hins or any may brea- 
abing, cizher by trez{cript or- verball' dire&ion * for if I had, ir may. 
be prefumed,i ſhould as ingenueully have confeſſed it, as 1 doe free- 
ly acknowledge his factherance in fome other things. A fine piece of 
Sophifiry that Arifotle never taught z by confefling 2 truth ro averre 
alye. And marke hovy ceatelows and: ſubrerfugions (though he-jeſt at 
the words) his acknowledgement is : other trivia! matters. What 
doe you. here acknowledge, when. you reſerve. power to deny every. 
particular thing. > Well, veee will take what you pleaſe to beſtow, 
they rwererrivialtmerters. Such a learned Authour as you are, tr be 
furthered in exiviall matters ?-If you need ſuch furtherance in rrivi- 
ll; vee ſhall ſuſpe&R you in-greater. Becauſe you ſcorne to mention 
ſuch 1rbuiaf things, I will helpe you our with them : they were the 
firſt elements of Aſtronomie- concerning rhe ſecond motions of the 
fixed Rarres, and-of the Sunnc and Moone : they were the firſt ele- 
ments of Conics, to-delineate- thoſe (cRions: they were the firſt 
* elements of Optics, Catoprrics,and Dioptrics : of all whichyou knew 
nothing ara}. And diverſe things alſo which you profefſe, where- 
of you knevv-very-litele. I recite not theſe things. for exprobration : 

but ehar you may alittle remember your ſelfc. 


, I have, I hopes. even nove_ clearce wy calling, and: claime that Þ* 
may male to the(T arts- of Machemarics, [o NI 
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I may therefore with berter manners aske you, how you obtayned 
that calting and profeſiion : for you challenge both names to your 
ſelfe. What Vaiverſity, what degree, what court of faculties, whas 
other lawfull way, conferred it upon you ? 1 beleeve you can anſwer 
me neyer a word : but will be hoiribly co ſecke in your plea, Well, 
I will tand your friend once more, and helpe'you out, and derive 
you a faire title to the inheritance of a vulgar Teacher, When you 
had learned to reade, you went to the Writing ſchoole : and can in- 
deed if you liſt write a fairc hand. Then you learned over your ac- 
cidence : Afterwards, I heard you ſay, you went into Frarice (it may 
be to the le Ternſey) where your name got the French garbe : bur 
little or nothing of the tongue brought you home with you. Next 
you tooke the degree of a Inſtices Clearke, or a DoQours of Phyſick, 
or both: to make Warrants or Mittimus, or it _—_— Recipe's, pro= 
vided they were not in Latine, or in French. From thence you 
vere adyanced to keepe a Writing ſchoole in Druty lane : and (© 
had opportunity to heare the LeQures at Greſhem Colledge : and to 
have the beneht of conference with learned mcn, When you now 
thought you could cant in the 1nftrumentaty idiome, you requeſted 
10/2 Thamſon the maker of Mathemacic Inflruments in Hofierlane, 
to helpe you ro ſome Schollers. And is nor this afaire pretence to 
the Mathematics : which you doubt nor to call Our noble profeſſiog, 
4nd our profeſſion of ſo noble Science ? 


But left 1 may ſeem to make good that crime of Derratfion where- 
with he doth charge me, by detrating from him both French and 
Latine,contray to the faſhion of his name, and the many ſhreds and 
thrummes of Latine he doth ſo artificially weave into the web of his 
PamphletzI will without any /ander tell you a true ſtory. Betweege 
foure and five yeares agoe, a young Dutch Gentleman whoſe name 
was Dunheft comming into this Land, ſojoarned in a friends bouſe 
of mine in London : and becauſe the Gentleman additedhimſelfe 
to the warres, hee was defirous te have the helpe of ſome learned 
Teacher of the Mathematics. My friend thigking Richard Delawais 
to be ſuch an one, ſent for kim ; to whom the Gentleman ſpake 
(I cannot ſay fignifyed) his defire in Latine : but our learned Pro» 
fefſor Rared him in the face as if he wondred, but anſwered him not : 
which the Gentleman perceiving ſpake in French:ibur that was more 
ſtrang : the Gentleman therfore making uſe of ſuch little Engliſh 
as hetiad gottengasked him,cannot you ſpeak Latine Ne. Can you 
not ſpeake French ? No. How ſhall I then that underſtand nor 
Engliſh learne of you? And ſoour grand Maſter went avvay as 
wile as he came without his Scholler, which great misfortune of 
that poore young man to loſe ſuch learned fundamental] Mathermeati- 
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call Dodrine may be a faire warning for all Gentleinen ſtrangers co 
get them an Englih tongue in their heads, and that quickly : orel(e 
they arc not like to have rhcir ſig/t holpen by this our great oculiſt 
and u2vayler of the ſubjeft Richard Delamain. But here by the way 
ſome malcvolous Detradtor may ſþig%tjully colle&, that if our Profe /- 
ſors Latine , and French , and Greeke be but meere contrefaict, 
which yer he doth fo ventilate tor his glory: his Mathematics may 


'wcll be ſuſpefed to be of the ſame itutfe, 


| God knowes how unwillingly and with how grieved a mind I 
write theſe things, or ſo much as put pen to paper againſt him : Bur 
moſt indignous and inſufferable are the abuſes offered by him co me, 
his ſcandalls, calumniations, bravings, and outfacings, . and all mix- 
ed with more then Thraſonicall arrogancy, throughour his whole 
Pamphlet : which that hee may bee ſure-to (catter every where, he 
ſendeth up and downe to his acquaintance by halfe doſens: and 
therewithall a letter, wherein he both requeſteth to have them dit- 
perſed, and nameth to whom: and alſo bitrerly —_— againſt 
mezand threatneth me. ſome of which letters. have bin ſhewed to me: 
and it may be I ſhall preyaile to have them produced, Beſides in his 
daily talke to every man he baſely traduceth me, and gloryeth.in 
r2ading unto chem” his Pawpbler, and his letter which he ſent me 
into the Countrey , 'marveilouſly pleaſing himſelfe at the ſport ie 
maketh with his (coftes and jets, afting them with his hands aid 
co gciture.of his. body, and (aying here / come over him finely, here 1 
give him a laſh, ae I ſcourge him, with other ſuch like contempru- 
ous ſpecchcs. And alſo ſendeth to me ſometimes-threatning, ſomes 
times {ſcornefull meſſages : challenging,and even daring me co make 
tim an anſwer, What ſhould I, what can 1 doe in this caſe ? Tf [ 
tet him alone in all theſe his defpightfull and inhumane injuiies ; all 
men may ſcortie me, and the.yery. boyes*in the ſtreer point at me 
and he (as hitherto he hath done) by my patience. and meckeneſſe 
grow into a higher degree of pride and infolencie,. and be more ob- 
firmed. I ſpeake unteignedly, that in my Heatt I pitty him : and 
wiſh him nc the feaſt hurt :. for he needeth it not : but this he nee- 
deth, to repent, and be humbled, thathe may know-himſelfe, and 
his friends. I could have written much more, and more ſharpely ; 
but lefſe then I have done, aud with'greater mildnefſe (confiderin 
the haynouſneſle of his injuries, not me in-print reviling and if” 

racing me publikely, bur alfo by ſecret flanders and malicious cla- 
mourings. [abouring utterly to diſcredite and undoe me) I could nor- 
write. Te vg 
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I had been ambitious of praiſe, or had thought them (or better chen 
chey) werthy, at which to have taken my riſe, our of my ſecure and 
quict obſcuritie,to mount up into glory, and the knowledge of men : 
I could haye done it many yeares before this pretender knew any 
thing at all in theſe facuities. And: when at 17/i/ftarf Forſte! s w___ 


I was contented to give way that he might publiſh them, I had not 
the leaſt thought to be ſcene or acknowleded by them: but only ro 
gratify and doe ſome good to Elias Allen, whom he very ſpitefully, 
yet more foolifhly (contrary to the generall repute had of him in this 
and other lands) termeth az uzexpert Workeman, Now judge, 1 be- 
ſcech you, had it not beene extreame fiwplencfle in me, to ſtand by, 
and hold'the candle ; while a yaineglorious braggard, who had by 
mine, and Eligs A/ens meanes gorten the overture of thoſe Inftru- 
ments, ſhould ſo perk up himſelfe in ſtolne teathers, and audacicufly 
outface me in mine owne: and make Etias 4Fen his farmer for my 
freegift, not to worke, but at his devotion, and for his prefir ? 
Might not I then juftly have beene laughed at, and tiled the 
Bawde and Pandar of the yaine-glory, and ſhameſull lucre of 
Delamain ? 


But ke plcadeth hard for them,you will ſay : and I have not yet an- 
fwered. his allegations Neither indeed will I at all : there is in them: 
n9 ſhew of argument; but onely preſumptions, bragginzs, bravings, 
outfacings, beggings of credit, icoffings- at me, and” reproachings. 
Will any Reader but an offeFtonate one (and affefionate he had-need 
to be and partiall) be perſwaded with ſuch pittifull ſtuffe > Honou- 
red, and moſt worthy Gentlemen, I will lay downe thoſe eo In- 
truments, the Horizontal, and the circles of proportion at your fect : 
and onely in the plaine word of an honeſt Chriſtian man, without 
any one braving lze , open to you -the very -truth- of bath, which I 
doubt not but you will ackhowledge :cogether with me : and when 
I have ſpoken, if: you ſhall be pleaſed to adjudge, and beſtow them 
upon him ;. let him take them. with all. my heart, and make. his 


beſt of them... 
Of the Horizontal Tuftrument. 


| Ong agoe, when I was a young ſtudent of the Mathemarticall 
ſome good Diall'or Inſtrument portable for my pocket, ro finde the 
houre, and try other concluſions by. and accordingly framed for 
that my purpoſe both Quadrants,& Rings,and Cylinders,and many 
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other compoſuces. Yet not to my full content and ſatisfaRion :. for , 
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call Dorine may be a faire warning for all Gentlemen ſtrangers to 
get them an Engliſh tongue in their heads, and that quickly : or cle 
they arc not like to have rhcir ſig't holpen by this our great oculiſt 
and uzvayler of the ſubjec? Richard Delamain. But here by the way 
ſome malevolous Detradtor may ſþig4t/ully collef, that if our Profe /< 
ſors Latine , and French , and Greeke be but meere contrefaict, 
which yet he doth ſo ventilate for his glory : his Mathematics may 
well be ſuſpeicd to be of the ſame itulfe, 


| God knowes how unwillingly and with how grieved a mind I 
write theſe things, or ſo much as put pen to paper againſt him : Buz 
moſt indignous and inſufferable are the abuſes offered by him co me, 
his ſcandalls, calumniations, bravings, and outfacings, . and all mix- 
ed with more chen Thraſonicall arrogancy, throughout his whole 
Pamphlet : which that hee may bee ſure to ſcatter every where, he 
ſendeth up and downe to his acquaintance by halfe doſens: and 
therewithall a letter, wherein he both requeſteth to have them dit- 
perſed,. and nameth to whom : and alſo bitterly inveigheth againſt 
t me,and threatneth me. ſome of which letters have bin ſhewed to me: 
and it may be I ſhall preyaile to have them preduced, Beſides in his- 
daily talke to every man he baſely traduceth me, and gloryeth in 
| reading unto them. his Parpbler, and his Jlecter which he ſent me 
; into the Countrey , 'marveilouſly pleaſing. himſelfe at the ſport ie 
maketh with his (coffes and jeſts, afting chem with his hands aid 
tre geiture.of his boily, and [aying here / come over him finely, here f 
give him alajh, Le 1 ſcourge him, with other ſuch like contempru- 
ous ſpecchcs. And alſo ſendeth to me ſometimes .threatning, ſomes 
times {cornefull meſſages : challenging,and even daring me to make 
im an anſwer, What ſhould I, what can 1 doe in this caſe? Tf [ 
tet him alone in all theſe his deſpightfull and inhumane injuties , all 
men may ſcorhie me, and the.yery. boyes-in the ſtreet point at me ;z 
and he (as hitherto he hath done) by my patience. and meckgnefle 
grow into x higher degree of pride and infolencie,. and be more ob- 
firmed. I ſpeake unteignedly, that in my heatt I pitty him : and 
wiſh him nct the leaſt hurt :_ for he needeth it not : but this he nee- 
deth, to repent, and be humbled, thathe may know-himſelfe, and 
his friends. I could have written much more, and more ſharpely : 
but lefſe then I have done, aud with'greater mildnefſe (confidering 
the haynouſneſle of his injuties, nor _ in-print reviling and diſ- 
gracing me publikely, but alfo by ſecret itanders and malicious cla- 
mourings [abouring utterly to diſcredite and undoe me) I could nor- 
wlite. | 
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I had been ambitious of praiſe, or had thought them (or better chen 
chey) worthy, at which to have taken my riſe, our of my ſecure and 
quict obſcuritie,to mount up into glory, and the knowledge of men : 
I could haye done itmany yeares before this pretender knew any 
thing at all in theſe facuities. And when at 1//i/iaf Forſter s requeſt 
I was contented to give way that he might publiſh them, I had nor 
the leaſt thought to be ſcene or acknowleded by them : but only ro 
gratify and doe ſome good to Elias Allen, whom he very ſpitefully, 
yet more foolifhly (contrary to the generall repute had ot him in this 
and other lands) termeth az uzexpert Yorkeman, Now judge, 1 be- 
ſcech you, had it not beene extreame fimplencfle in me, to ſtand by, 
and hold the candle ; while a yaineglorious braggard, who had by 
mine, and Eligs A/ens meanes gotten the overture of thoſe Infiru- 
ments, ſhould ſo perk up himſelfe in ſtolne teathers, and audacicufly 
outface me in mine owne : and make Elias 4fen his farmer for my 
freegift, not to worke, but at his devotion, and for his yprefir ? 
Might not 1 then yuftly have beene laughed at, and fitled the 
Bawde and Pandar of the vyaine-glory, and ſhameſull lucre of 
Delamain ? 


But he plcadeth hard for them,you will ſay : and 1 have not yet an- 
fwered his allegations Neither indeed will I at all : there is in them: 
n9 ſhew of argument; but onely preſumptions, braggings, bravings, 
outfacings, beggings of credit, icoffings at me, and” reproachings. 
Will any Reeder but an affeFionate one (and afftfionate he had-need 
to be and partiall) be perſwaded with ſuch pittifull ſtuffe > Honou- 
red, and moſt worthy Gentlemen, I will lay downe thoſe ewo In- 
firuments, the Horizontal, and the circles of proportion at your fect : 
and onely in the plaine word of an honeſt Chriſtianman, without 
any one braving lye , open to you the very -truth- of beth, which I 
doubt not but you will ackhowledge -rogether' with me : and when 
I have ſpoken, if- you ſhall be pleaſed to adjudge, and beſtow them 
upon him ;. let him cake them. with all. my heart, and make. his 


beſt of them, 


Of the Horizontal Tuſtrument. 


Ong agoe, when I was a young ſtudent of the Mathematicall 


Sciences, I tryed many wayes and devices to fit my ſelfe with - 


ſome good Diall or Inſtrument portable for my pocket, to finde the 

houre, and try other concluſions by. and accordingfy framed for 
that my purpoſe both Quadrants,& Rings,and Cylinders,and many 
other compoſures. Yer not to my full 
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content and ſatisfaQion : or , 
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_faiend Henry Briggs at Gteſbam Colledye : who then brought 
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cither they performed bur lictle, or els were patched up with a diver - 


firy of lines by an unnacurall and forced contexture. Artlaſt I con- 


fidering that all manner of queſtions concerning the firſt motions 
were performed moſt properly by the Globe it ſelfe reRifyed tothe 
preſent elevation, by the helpe of a moveable Azumith : I proje&ed 
the Globe upon the own of the Horizon, and applyed to it at the 
ecnter, which was therein the Zenith, an Index with projeRed de- 
grees, for the moveable Azumith, in which projeQtion I keſt found 
what I had before with much ſtudie and paines in vaine ſought for, 
And becauſe I ſeldomely came to London, where I might have the 
helpe of large Compuliic, and other Inſtruments, for drawing the 
ms of of very big circles: I was forced to betake my felfe to ſuch 
ſhift,as Art would afford me : and invented many Theoremes, pro- 
blemes, and pratiees (ſuch as no man before, that ever I could tind, 
kad delivered) for the finding out of the interſeRions, and all and 
every points of all thoſe circles, by which I might draw the fame, 
and divide them being drawne. Which rules I have yet in my paper 
booke, carrying their antiquity in their yery ſhew : and are a | 
ledged by this challenger to have beene ſeene by him. And though _ 
I invented them being young, yet they will paſſe the $kill of his glo- 
rioſity, but even fitly to apply them to uſe, much more to demon- 
ſtrate them. 


About thirty yeares ſince Ipreſented one of them drawne with 
mine owne hand to the truely reverend Prelate DoRour Bylſon Bi. 
ſhop of Wincheſter, by whom I was made presbyrer. 


About five and twenty yeares 2goe I beſtowed one upon a noble 
Ladic, the wife of a worthy and learned Knight, then abiding neere 
the place where I live, but fince dwelling in Worceſterſhire ; which 
Lady with ingeniouſneſſe and ſolertie more then faxminine tooke 
delight in the {peculation and uſe of the Globe, And for her I wric 
many notes upon my Infttument,. the yery ſame almoſt word for 
word, which many yeares after Iſentin aletter ro Elias Aﬀen; and 
arc they which Delamain acknowledgeth to have /eene, but light- 
e16, 1remember I did upon that Infirument tricke out in colours 
and mettall, the'coate armes of both thoſe families joyned in pale, 
the'draught of which armes I yet have together with thoſe rules. 
And I doubt nor but that moble Lady doth as yer keepe that little 
Inſtrument ; and will be pleaſed for the vindication of my cregite to 
producethe ſame. 


In che Spring 1618 I'being at London Went to ſce my honoured 


me 
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me a«quainted. with-MaRer Ganter lately choſen Afironomie reader 
there, and. was at:thattime: in Dotour &706ks his chambes, With 
whom. falling into.ſpeech abour his quadrant, | fhewed; him my; Ho- 
rizoatall. Inflrument;: Ee viewed it very heedfully : and queittoned 
abour the projeurc and uſe thereof, often ſaying theſe words, it is 
a yery good one. And not long after he delivered to Maſter Briggy 
to be ſent:to me mine owne Inftrument printed off from one cur in 
brafſe: which afterwards I underſtood he preſented to the right Ho- 
nouralle the Earle of Bridgewater; and-in his booke of the Seor 
printed. ſixe yeares;after, among other projeRions letreth down this : 
hereia ingenuous that he did not challenge itto himſclfe(as our chal- 
lenger doth)but not ingenuouſly.cnough acknowledging from whom 
he had it. Bar (uch is:the providence of God), Þ kept that very lct- 
ter of Maſter Brig 2s whercin he ſent me that-print from Maſter Guz- 
ter , dated from. Gretham Colledge 2 Jus. 1618: and the pott- 
ſcript 4, Zane : and which came to-my hands 7une 10, Tn which let- 
ter are theſe wordes Maſter Gunter doth here ſend you the pring of a 
HarizoataH{ Diall df his drawing after your Infirument. This. very. 
letter bath beene left by me in the hands of E!ias After above thelc 
two yeares to. be ſeenc of any one that will require it. Yea and our 
challenger bimſelie in his Epiſtle ro the Reader before his booke of 
the Horizonrall quadrant doth acknowledge the fight of this lecter, 
and (ctteth dawne the very words, Which maketh me wonder at 
the ſtupidity of his audaciouſnefſe, fo without all hame and ſenſe 
contraditing himſelfe, Vnleſſe he thinke to have this cvaſion, thar 
I deviſed the projeQion, but knew not the ule of it vrhen I had done. 
1 preethee R. D. why did Ifhew it to Maſter Gunrerthen ? was it 
only for the piftures ſake ? And what did he like it for ? becauſe ic 
was ſo fairely lincated 2 Of was it not for the excellent and copious 
uſcithath above any other Inſtrument of that nature 2 But heare 
hispleag or rather his play and jugling with God and man, and his 
ewne apnicience : The extendure of Gods hands his donations is ma- 
nifald, and where his ſpirit pleaſeth to breath there is 6 doore opened : 
they poſeſſe the world with @ contrary opinion, thereby wronging God 
in hu diſpen/ation, and max in his reputation. Gentlemen, Toth not 
youg haige Rand an cnd with horrour at ſuch prophane hypocriſy > 
for ſhame repent. bue why doe I call for ſhame where is none ? 


Abanz two. yeares aſter I had ſhewed that my Inftrument co 
Maſters Guatey , 1 beſtowed the very ſame individual one upon a 
young Gentleman, now a Baron, my very honourable and moſt in» 
tire friend, a man full of yertue, full of learning, full of all good 
nefle, and true nobility, whoſe only defeR and fault is an unquench- 
aple chick} aftee knovedge and good literature 3. who hath yer the 
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very ſame in his cuſtody : and is atthis preſent in London : whole 
honourable word and teftimony will confirme 'that he him ſelfe ſo 
many yeares agoe knew the uſes of that Inſtrument: and yer our 
chalenger never wavayled it to him : nor darcth preſcribe for ſo 
long cime. 


In Michaelmas Terme 16 27 I came to London, and Elizs 4fes 
having beenc (worne his Majeſties ſeryant, had a purpoſe to prefent 
his Majeſty with ſome New-yeares gift: and requeſted nie to deyiſe 
ſome pretty Inſtrument for him, I anſwered, that I have heard his 
Majelty delighted much in the great concave Dyall at White-hall : 
and what fitter Inſtrument could hee have then my Horizontall, 
which was the very ſame repreſented in flat ? and that I would upon 
the backeſide ſer the theorics of the Sun and Moone, And fo by 
helpe of both fides Eclipſes might be calculated with great facility. 
He liked it well. The Horizontall ſide was begunne by my dire&i- 
on. I was not long at home, but Maſter Allen being at a ſtand in 
his worke, ſeat to me for helpe .I writ him a large letter ewo ſheets 
of paper long: wherein 1 taught him the uſcs of the Inflrumene 
eſpecially the Horizontall :. and afteward the fabric or delineation 
of it : and hoy to find the ſemidiameters and centers of the ſeverall 
circles both great and lefler, and the way to divide them. Which let- 
ter Maſter 4fen yet __ : and is the (ame I ſpake of before: and 
which Dclamain confefleth he ſaw. 


Obſerve here I pray you, the ſubje# even by his owne confeſlion 
was unvayled before he medled with it. And I would to God Miſter 
Allen had in good time finiſhed up that Inſtrument : I with it for 
the challengers ſake : it might have ſaved him from a great deale of 
fiane and ſhame. But hereby we may diſcover his worthy intentions, 
whereof he braggeth ſo much: Hee ſeeing Maſter 4#en to negle& 
it, and my ſelfe not to make any great account of it, tooke itup as 
a way ft or tray : and h1d a purpoie long agoe to have famouſed him- 
ſelfe thereby : firſt calling it the Grammelogia - And then had hee 
been pitrifully to ſeek of a new name for the-Circles of Proportion, 
an Inftrument not yet in rerum natura with him : for now his Greek 
Nomenclator, and oracle the Schoole-maſter of Saint Clements 
was defeed by death. Yet the name Grammelogia would ſerve as - 
well for the other inſtrument, as{oone as he had heard of it, al- 
though by a ſpightfull accident he (being not yet aſcendcd to the 
height of a profligated ſhamelesneſſe) was hindred in the produQtion 
of that his firſt plagiarious birth, p13 | 


For ſome good tra of time after this, when I was now inmy 
Lords 
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Lords (crvice, and Delamain frequented my chamber : One day af- 


- ter he vas gone downe : another man came up and told me, that 


Delamain wavyin Maſter A/ens ſhop ſhowing unto diverſe a little 
Inftrumear in braſſe of a triangular or rather harpe-like forme, with 
which he could performe all the queſtions of the Globe for any part 
of the world, and make Dialls, and deſcribe Countries, and carry 
Mines under the earth as farre as betweene Temple barre and Weſt- 


minſter, and ſuch like wonders, which I knew impoſſible for any 


ſuch Inftrument to performe. I ſaid ſurcly he miltooke* for bue 
now he wear hence: and had neither then, nor at any other time, 
ever ſpoken of any ſuch matter : which I was ſure he would have 
done, had he any ſuch thing in kis mind : But he fill affirming ic : | 
I had a great deſire my ſelf to be a witneſle of that wonder.I came to 
Elias Atens ſhop ; but he was gone. I rold Elias 4Hen what I had 
heard: and ſaid I would goe to his houſe, and ſee ir. I came to his 
houſe pretending ſome other occaſion. He ſhewed me a great qua- 

dratit of Gemma Frifius he had begunne: and after that a quarter 
of the Analemma : which I viewing told him that the Meridians 
were falſely drawne. Indeed ſaid he I cannot make them anſwer 
to any Center, Whereat I ſmiling ſayd, it is no marvcll, for they 
are not arches of Circles: and ſhewed him the reaſon why the 
could not be. What are they then ſaid he ? They are Ellipfes ſaid I. 
Ellipſes ſaid he, what is that? I told him : and diſcourſed of the 
kinds of Conic ſe&ions , the firſt newes that ever he had heard of 
any ſuch thing, Well, at {aſt 1 asked him for the ftrange Inftrument 
he had fhewed : and would not be anſwered but he muſt needs theyy 
it me: which with much tergiverfation he did. Tath ſaid I, this is 
nothing but halfe my Horizoncall. which he alſo acknowledging : 
I asked who drew it ? my ſelfe ſaid he. Is ir poſſible ſaid 1 that you 
that cannot make the Analengma , ſhould drave this projeQion ? 
Doe you know the uſe of it ? Yes ſaid he : I have written ſome notes 
of the uſes of ir: and ſhevwed me ſome papers: which I looking 
upon ſaw the very notes I had declared in my letter to Maſter 4/ex * 
bat here and there the words diſguiſed after his ovene apprehenſion. 
I went homeward : and ſeeing Mafter .4/en in his ſhop, ſaid ro 
him, I pray anſwer me a queſtion, but anſwer me truely. he percaj- 
ving what I meant to aske, prevented me with the(e words, indeed 
I did : he had the letter of me a vwrhole fortnight, almoſt as foene 
as you ſentit: and Ibeleeyc he writ it out: forthe ſummer follow- 
ing; unknovne to me, he got tay (ſervant to make it for him: for” 
which I was angry. The reſt of this bufinefle let Maſter {ex him- 

ſelfe tell you. 


Well: this might have beene all yak you will ſay: the fighe 
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of thar lerter and of thoſe uſes is confeſſed : bur ehey were ordinary, 
meanes end trivial : and be lighted them. That my very letter is yet 
extant at Maſter 4/tens making appearance to anſwer to the dif- 
graccfull taxations of Richard Delamain. In which letcer dated De- 
cember 3. 1627. you ſhall find theſe uſes following. 


*© 7 To find thedeclination of the Sunne every day. 
'« 2 To find the courſe of the Sun ; or the parallel which the Sun 
** runneth, or deſcribeth every day. 
« 3 To find theriling of the Sunne, and his ſetting ; and the di- 
<« urnall arch or length of che day,or of the night. 
© 4 Tofind the diſtance of the Sunnes riſing and ſetting from the 
© Eaſt and Weſt points,. Northward in ſummer or Southward in 
'© winter, Called the Amplitude Ortive, 
© 5 To hind thetrueplace of the Sunne on the Inſtrument ar any 
*© time of the day. | 
«© 6 To find the houre of the day. 
& 5 To find the Azumith or verticall circle in which the Sunrie 
«© ;5$: or the Horizontall diſtance.of the Sunne from- the Meridian. 
* 8. Apainethe Azumith of the Sun being given, to find che alti- 
© tude of the Sunne, and the houre. 
* 9 To find at what houre the Sunnecommeth to be full Eaft or 
* Weſt every day in ſummer 
* 10 To findthe height of the Sunne at high noone every day, and 
« Lkewilc at every houre. Whereby ismade Maſter Gzunters Qua- 
« drant, and all other Quadrants of that ſort, deſcribed by Gemmg 
«. Frifius, Munſter, Clavtus, and others : alſo all manner of Rin S; 
«. Cylinders, and-innumerable other Topicall Inſtruments, for | a 
<< finding out of the houre, and other like concluhons. And like- 
<« wiſe the reaſon of finding out. the houre of the day by a mans 
5 ſhadow : or by the ſhadow of any. gnomon ſet up perpendicular to 
<« the Horizon, or elſe parallel to it. . 
& 11 Tofindout the Meridianline, and:the points.of the Com- 
<« paſſe without a needle : yea more exattly then with a necdle, 
«© 12 To find the declination of any wall.. 
«« .. 13 To find at what houre the Sunne commeth unto any wall,o; 
©. window eyery day inthe yeare: as alſo when it leaveth it, 
<« . 14 To find how many, and what houre lines are to bee drawne 
© in every plaine Diall. 
«. 15. To find how low theSun is under the Horizon at anyhourc: 
«« of the night: and in what point of. the Inſtrument the true place 
«. of the Sunne then is. | 
* 16 To find inwhichof the twelve houſes the Sunne is.at any 
*+.tirne of the day..or night. DID 
: : « 377 To. 
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« 17 To find the _ of the crepuſculum or twy-light every day. 


t «« 18 To find out the houre of the night, 
m cc * 19 Tofind the (ligne and degree in which the Sunne is eyery day, 
_ cc 


29 To knd the declination of the Sunne every day. 
But I could beſide theſe adde diyerſe other operations to be per- 
formed by the Taſtrument as now it is : and many others with 
« ſome additions to the Inſtrument : as namely the degrec of the 
8 & A.quinocuall in the Meridian at any time : and the degree of the 
& Aquinoctiall in the Horizon Eaſt and Weſt: and thedegree of 
4 « the Zodiac inthe Meridian called Cor cali : and the aſcendent 
c«« degree thereof called the Horoſcope : and concerning the twelve 
e « houſes of the heavens tor the erecting of a figure : and concer- 
1 «« ning the ninetyeth degree of the Ecliptic above the Horizon, and 
& the altitude of it. and 1 know not what elſe, or rather almoſt any 
7 | cc rhing elſe. 


' T heſe are the ordinary, meane, and trivialla/es, which I delivered, 
| and are to be (ſcene in my letrer. And hath Delamain unvayled any 
| 1 doe not ſay more (for he runneth diviſion) but other uſes then I 
have done ? Yes marry hath he. for in his boake of his Horizontal 
qeadrant, from pag : 44 to 51, you ſhall find theſe uſes, 


Eighthsly, to fiad the inequality of time in equeM moneths, or aquall 


| | number of dayes. 

; Nintk-ly, to find the degree of the A.quator in the Horizon by ſup- 
R D poſing the degree £ the Ecliptic in the Horizon. 

| 7 Tenth-ly, to find the degree of the Ecliptic in the Horizon by ſap- 


poſing the degree of the Equator in the Horizon. 
: : Eleventh-ly. But if the degree of the Eclipric in the Horizon were 
| | required by knowing the degree of the Ecliptic in the Meridian. 
| T welf-ly, to find the Horoſcope, or the degree aſcendent,or de/cendent, 
61d the Nonageſfune degree at any houre.. 

T hirteeuth-ly, me what angie the Ecliptic mabeth with the Ho- 
riz0n, or the altitude of the Nonageſine degree of the Ecliptic above 
the Horizon : aud what Atumith it i in at eny houre. 


O Sir (may Richard Delamain (ay) nowT hare gvertopped you - in 
theſe things you canrot deny, but that 7 have unvayled rhe ſubject to 
helpe your fight. Not ſo neither : for every worke is aſcribed to him 
that farſt found ic out. Nor is the Authour therfore to be accounted 
i2norant, or towant fight, though ſome other after him ſhall make 
tome addition or acceſſe thereto : ſeeing it is an eaſy matter to adde 
to an invention once diſcovered. But yer let us (ce yrhat learned and 
rare uſes thoſe are, which you have —_ 


wt 
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The eighth is utterly alien from this Inffrument: and requireth ne- 
cefarily the knowledge of the true, and proper motion of the Sunne, 
which ihis Inftrament giveth not at all: and of the exa& right aſcen- 
Gon, which this Inſtrument giverh but at large: and fo is this uſe of 
ao uſe, but a yaine flourith, 


The xinth is nothing elſe but to find out the Sunnes oblique 
aſcention. | 


The tenth, eleventh, twelfth, and thirteenth (which indeed were 
excellent uſes, if ke could ſhew them ) are utterly falſe. In all which 
you haye unvayled nothing but your owne want of skill, and moſt 
grofle ignorance of the very ground of this projettion. And now 
haye you not very fawely hdlpen my fight, and the ſight of others, to . 
ſee your raſhnefle and lacke of art? which all your facing (though 
your face, if it be poſſible, were harder then it is) will ne ver bee able 
to make good. 


Yet for all this (and now I challenge you) let vs ſee the perfor- 
mance of theſe queſtions wpon the Horrzontall Infirument, with 
what reaſonable addition you'can, which ſhall nor quite alter the 
nature of it: and 1 will freely acknowledge youto be a man of art : 
and not at all impute unto you any plagium, or Mountc-banke tricks, 


Bur ſeeing you have already unvayied your want of wit, T will take 
a little paincs for you ro unvayie your want of honey ; ro helpe the 
fight of theſe Gentlemen our judges,. to ſee what truſt they may re- 
poſe in ſuch an Inſtrument-monger and player of leger-de-ls-main, 
- aSyouare. While hee was printing his traate of the Horizonrall 
quadrant, although he could not but know that it was injurious to- 
me in reſpe& of my free gifrto Maſter &/en, and of William F.1/7er,. 
whoſe tranſlation of my rulcs was then about to come forth: yer 
ſuch was my good nature, and his ſhamelefleneſſe, that every day, as, 
any fheet was printed, keeſent, or broughr the ſame to mee at my 
chamber in Arundell houſe. to peruſe. which TI lovingly and ingenu- 
ouſly did, and gave him my judgement of it. When we were come 
to the ſaid pag : 44,£2 51, Igently ſhewed him the falſity of thoſe 
propolitions,. And he ſaid, cannot they be wrought then * No, re- 
plyed I, nor by the Inftramene as now r is,. withour ſome addition, 
Ican worke them ; but you cannot. heasked,why cannotT as well > 
Ianſwered, becauſe you are ignorant of the ground of this Inftrue 
ment and projetion. Wharfſhall I doe then ? faid hee, you muſt, 
faid I, be contcat to loſe that ſheer, and new print it: After a little 
payvſe, he was not aſhamed to reſolve with theſe very words,though 
your 
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your fight be ſo ſharpe, that you can note theſe faults, yet many hundreds 
that jhall ſee the broke will never be «ble to ſpye them. and withall told 
me that he h:d p-nned that booke ia a fortaight with great haſt : I 
faid I did eaſily belceve as much : for Canis feſtinans cecos parit ca- 
twlos, This was at that time our communication, and his gallant re- 
ſolution. And if this be nor jughnggnever did any Hocus-pocas jugle. 
That unlefſe a man were given overto ſhame and ſhameleſnefle : he 
would never ſo ſhamefully abuſe his learners, and fo ſhameleſlely 
hazard his (I cannot ſay good) name, and reputation, Yer fticketh 
he not moſt yainely ( that I may ſay no worſe) to conclude his (aid 
booke with this braving flourith, But if any man defire to ſay more 
upon this Horizontal quadranty. then I have done, 1 have mzde woy for 
him, and unvayled the ſubjef to helpe his fight. 


But he ſaith the projeCtion was none of mine: tor Munſter hath 
it and Flagrave, and ſome otheis , this latter writ ſome yeares ſince 
I beg 1nae to uſe this Inſtrument : and that in Mnnfeer 18 no proje- 
Rion, but a reſemblance of a concave Dizll : which likenefle can no 
more argue this Inftrument, then Delemains blacke clothes can prove 
him to be a ſcholler. And it were a wonder, that ſeeing the writers 
of theſe Arts doe imagine their Diagrammes upon the plaines of (e- 
verall Circles, as occaſion xequireth: if none thould be found that 
have made their delineations upon the plaine of the Horizon. But of 
ſuch as eyer have uſed the ſame for an Inftrument, before mehe nei- 
ther can, nor hath ſhewed any, 


of the Circles of proportion. 


| 2364 theſe 1 muſt freely confeſſe, T have not ſo good aclaime a- 

gainſt all men,as for my Horizontall Inftrument : thouoh againſt 
Richard DelamainT have. The honour of che invention, next co the 
Lord of Merchiſton, and our Maſter Briggs, belongech (if I have 
not been nvapey informed) to Miſter Guzrer, who expoled their 
aumbers upon a freight hne. which being once done, was there any 
ſuch maſterie co bing the ſame line abour into a circle > And what 
doth this neve Inſtrumene ( call ic the Circles of propoytion, or call it 
the Ring, or what other name you lift) onght elſe, but oncly bowe 
and infle& Maſter Gunters lizeor Ruler, | 


"The manner hewT fell upen it, was thus. I have in my ftudi 
pratice of the Mathematics been nor alittle conver: ho nepord 
tion, And chat 1 __ both facilicate. the habour,and try the worke : 
inrerited many (olertics and A inloyiſtica, for the 

_ Ra one : 


CCC CEC IT 


An Apolog :ticall Epiſtle. 


one : and framed diverſe kinds of Inſtruments and mechanicall pra. 
Rices, for the other: that when I ſhoald find theperformance in 
both wayes not to diſagree, I might be affurcd of my juſt dilligence 
in numerary computation. Among other Inſtruments I much liked 
the ſame line or Ruler : onely this defe&t I found that it required 
many times too great a paire of Compaſles, which would bee hard to 
open, apt to ſlip, and troubleſome for uſe, I therefore firſt deviſed 
to have another Ruler with the former: and lo by ſetting and ap- 
plying one to the other, 1 did nor onely take away the uſe of Com- 
paſſes, but alſo made the worke much more eaſy and expcdite : when 
I ſhould not ar all necd the motion of my hand, bur onely the glan- 
cing of my ſight : and with one poſition of the Rulers, and yiew of 
mine cyc, (ce not one onely, but the manifold proportions incident 
unto the queſtion inteaded, Bur yet this facility alſo wanted nor 
ſome Siieulry, eſpecially in the line of cangents, when one arch 
was in the former mediety of the _—_— and the other in the lat= 
ter: for inthis caſe it was needfull thac cicher one Ruler muſt bee 
as long againe as the orher ; orclſe that I muſt uſe an inyerſion of 
the Ruler, and regreſſion, By this conſideration I firſt of all ſaw that 
if thoſe lines upon both Rulers were infle&ed into two circles, that 
of the tangents being in both doubled, and that thoſe rwo Circles 
ſhould moye one upon another ; they with a (mall thread in the cen» 
ter to direR the ſight, would bee ſufficient with incredible and won. 
derfull facility to worke all queſtions of Trigonometry both right- 
lined and Sphzricall. And according to this my ſpeculation, above 
twelyc yeares agoc, I with mine owne hand made me two ſuch Cir- 
cles, which I have uſed ever fince, as my occaſions required, 


In the long vacation 16301 ſhewed both the Rulers , and the Cir- 
cle to Wikliam Forſter (lomewhat more prematurely then for the de- 
fire I had tolcade him on in the righc way of Att,) intended) at m 
Parſonage houſe, as in his Epiſtle before his Tranſlation hee doth 
himſelfe tefify. To whom, exhorting me to publiſh them, 1 ſaid 
I would not appeare to the world in ſuch toyes: butif hee would 
take the paines to tranflate ſome rules I had written into Engliſh, 
we would beſtow upon Eligs Allen (if he fhall thinke they may bec 
beneficiall ro him) both thoſe Circles of proportion, and alſo an- 
orher Inſtrument , conſiſting of two halfe circles moſt plainely and 
eaſily giving the Profthaphzreſes of the Plannets according to the 
Theory of Copernicus (which T have had fairely drawne with mine 
owne hand above theſe twenty yeares) which might be ſer upon the 
other fide of the plate : and would together make up the moſt com- 
pleat Inſtrument for all Aſtronomie, that ever yet to my knowled 

came forth, And of this intire Inftrument at my comming up to Lon- 


don 
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don in Michaelmas Terme following, to attend my ſervice, I did ac- 
cordingly make a moſt free donation to Elias Aer by the ingage- 
ment of my promiſe. And had alſo performed it leng agoe (I doube 
not but to your good contentment) had not this Trifler ſo unſeaſo- 
nably blurted out his ſcrimble-ſcramble of Grazmelogia, like an un- 
licked Bear-whelp. Whercin under ambiguous words, and large un- 
limirtd intentions, andthe general? names of Circles, Rings, and Gram- 
mclogia or declaration of lines, hee endeavoureth very honeſtly co 
hooke in within his privilege, and to faſten upon as his owne,what- 
foever invention any other Artiſt ſhall in a round or circular forme 
hereafter produce. 


Will you be pleaſed to have an inſtance of this ? Shortly after my 
gift to Elias Allen, I chanced to meet with Ficherd Delamain in tlic 
ſtreet (ir was at Allhontide) and as we walked together Itold him 
what an Inftruncnt 1 had given to Maſter 4Hen, both of the Loga- 
rithmes projetted into po! dy which being lefſe then one foot dia- 
meter would performe as much as one of Maſter Gunters Rulers of 
fixe feet long : and alſo of the Proſtaphzreſes of the Planners and 
ſecond motions. Such an innention have I (aid he: for now his ix- 
rentions (char is his ambition ) beganne ro worke : bur how wiſely 
you ſhall ſee. He notconſidering the proportion of the circumference 
to the Diameter, which is more then triple, dreamed thar I under- 
ſtooda Circle of fixe feet Diameter, by it to worke the Proſthaphere- 
ſes : as you may ſee inthe very end of his tratate of Grammelogia. 
which ſo monſtrous conceipt neyer centred into my mind. but this 
may ſerve as a faire intention to lay claime ro my Profthaphereticall 
Inſtrument, if ever it ſhall come forth : whereof hee knoweth no 
more then the cap upon his head, 


But he ſaith, Then after my comming homo 7 ſent him 2 ſizht of my 
projeion drawne in paſi-board. Sce how notorioully he jugleth with- 
out an Inſtrument. Then after : how long after ? a fight of my pro- 
Jefion : of how much ? More then (even weckes after on Decem- 
ber 23, ke ſent to mee the line of numbers onely (er upon a circle : 
which I marvel he ſhould be ſo ſimple to boaſt of, /eeing lopners, and 
Carpenters, 6nd other Mechanics about this towne, andelſewhere, yca 
exd ſchoole-boyes, in imitating Maſter Gunters Filer incuryated: only 
iato a circle, might haye, and ſome have drawne, tomore gyod pur- 
poſe then ever yet Delamain did. and ſo much onely he preſented to 
his Majeſty : but as for Sine or tangent of his, there was nor the 
leaft ſhew of any. Neither could he give to Maſter 4/en any di- 
reQion for the compoſure of the circles of his Ring, or for the divi- 
ding of them: as upen his oath Maſter 4p will teſtify how _ 
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miſled him,and made him laboar in vain above three wecks together, 
untill Maſter 4/len himſelfe found our his ignorance and miſtaking, 
which is more cleare then is poſſible wich any impudence to be ow- 
aced, Yea and the concluſion of his tratate of Grammelogia pag: 22 
oth plainly enough intimate as much: ſaying , zf there be compoſed 
three rings,@'c. S6 if you move the ſie of 90 degrees unto the Tropicall 
point, Fc. Againe tn the Circle of the tangents if you bring, ec. 
Where you ſhall find his deepe intentions ſer downe in words then 
which Sphynx it ſelfe never had more unplexed : and teacheth no» 
thing, but mocketh his Reader, as I have ſomtimes ſeen a child cry- 
ing for a wild bird deluded, with bidding him get the bird, and lay 
ſalc upon the tayle, and ſo he ſhould catch ut, 


It will nor be impertinent, but peradyenture much to the purpoſe, 
that you may rightly know our hallenger, te let you underttand 
how he hath dealt with the loyner Thomas Browne of whom 1 ſpake 
before. Richard Delamain hearing that Brown with his Serpextige hd 
another line by which he could worke to minutes in the godegree of 
fines : uſed a device to get Browne to come a nd bring his inſtrument 
to ſome place where he him(elfe ſhould alfo be : there he inlinya- 
teth with Browne pittifully complaining of the wrong Maſter 
Oughtred had done qo and to make tie matter good readeth ta 
him in his Pamphlet, glorying much how he had laſhed me therin : 
and then gave the booke to Browne : who in thankfulneſſe could not 
but gratify Deleamain with his Zines alſo : and teach him the uſe of 
them, but eſpecially of 'the great Line: with this caution &n both 
ſides, that one ſhould not meddle with the others invention. Two 
dayes after Delamain ſent a Porter to B19wne for the booke he had 
given him, becauſe he had found ſome things to be altered therin,and 
that he would for it oive him a better and more perfe& book, Browe 
refuling to ſend it by the Porter, the next moraing Delamain vauch- 
ſafed himſelfe to come to his houſe neare Algate ; and asked for the 
booke, (Browne ſuppoling he would then have correRed it) but as 
ſoone as he had got it in his hands he rent ont all che muddle part» 
with the two great Schemes: & put them up in his pocket & went hig 
way, leaving only what he blaterated againſt me : and did not ouly 
thus to Browne, but laboureth to rec2ll all the bookes be had given 
forth, ( which were many) before the ſight of Browncs Lines. And 
ſhortly after this he got a new Printer ( who was ignorant of his 
former Schemes) to print him new: giving him an clpeciall charge 

of the outermo/# line newly graver 1n tlie Plate, which indeed is 
Brownes Verg line : andthen altering his book and craking of won- 
ders in Proſfthaphereſes, he diſperſeth chem by-fourcs and faxes. But 
{ce how it pleaſed God (who confaundeth the proud in their ewne 


Kmaginations) 
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imaginations) to bring to light Brownes right and Delamains falſity. 
Browne himſelfe was preſent when the Plate was __ ro the 
Printer, and heard the charge yo_ concerning the new line : and 
ſince by Brownes friends have beene gotten diverſe of Delamaines 
former bookes and ſome Schemes of his Inſtruments, in none of all 
which that great line of Browne is tobe found : And yet ſuch is De- 
lamaines audacity (not knowing what can be ſhewn)chat he ſtands to 
it to Browns face, that the ſaid great line was in the ſchemes in his 
former books. Wherfore we will (without ſtealing)borrow our Au- 
thors own words, The window bath bin as yet cloſe,and darknefſe poſ- 
ſeſſeth the place, [now withdraw the curtaiue that the ſanſhining light 
nay appeare t0 expeH theſe miſts that hav: beene ſcattered, and by 4 true 
aud fincere medium remove that which by Rich : Dclamain hath been 
falſely ſuggefed. | - 


Well then, to come at laſt co aconcluſion concerning the Inſtru- 
ment called the Circles of a pemewe as it 1s ſet forth, not having, 
as I have ſaid, the one halfe of my intentions uponit ; nor with a 
ſecond moveable circle and a thread ; but with an opening Index at 
the center (if ſo be that bee cauſe enough to make it to bee not the 
ſame, but another Inftrument) for my pare I diſclaime it : it may 

oe ſeeke another Maſter : which for ought I know, will prove to 

Eliss Allen him(ſclfe: for at his rental only I altered a fade my 

rules from the uſe of the moveable circle and the thread, to the two 
armes of an Index. 


And now moſt noble Gentlemen my Readers and ſudges, I hum” 
bly thanke you for the great patience you have ſhewed in hearing me 
alſo ſpeake for my ſelfe. I doe not requeſt of you any partiall reſ- 

& or fayour towards me at all: but onely what your wiſdomes 
thall fee the ſimple honeſty of my cauſe doth deſerve. And what 
ſentence ſoeyer you ſhall be pleaſed to give hercin ; I will moſt ſub- 
miſſively, without any ker appeale, reft in it, Onely I ſhall be- 
ſcech youto looke backe and conkder whether R. D. hath any the 
my _— - nw for "= ſo vile _—_ want ms toward me, 
in (cofhng, cring, calumniati ack-biting, and exclaimin 
againſt _ : S—_—_ to all rules Sons 2nd Chriſtianity, yea .. 
ven of humanity and good manners. What wrong can he charge me, 
or indeed doth he charge me with, for which he may have a ſceming 

round of his ſo great malice? Was it becauſe ſo many yeares be- 
re I ever heard of his name, I prevented him in the invention of 
thoſe Inſtruments ? That was the gift of God, and his proſpering 
my painfull ftudy. Was it becauſe I have not made them more pub- 
lic allthis while ? That was my modeſty. Was it becauſe T at laſt 
produced chem to light ? Neither was — my doing, but pRnns 
only. 
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only. Was it for not giving way to him, when hee was pleaſed to 
Jay hold upon both, ro mount up with the wings of vain-gfoy by ? 
I withſtood him not, nor once opened my mouth againft him : but 
rather furthered him. And if .underſt ::ding men, knowing his ina- 

' bilities, and ſeeing the folly and ignorance he fhewerh in his Pam. 
phlers, did even cry hum downe, and [moſt with one conſent and 
yoice acknowledge the true Authour : I ſoughtitnot. Was it for 
not hindering 1/i//iam Forfter to publiſh the tranflation , which 
with a gceat deale of labour hee had brought to an end : or 
not diſayowing it when it was printed? I neither had ſuch power 
over him: nor any reaſon at all to fruſtrate his long taken paines, 
for the ambition of another. Was it for making compariſons with 
him? I made none. Was it for my paines taken with him 1n teach- 
ing and inſt.uQing ſo ill natur'd a man ? My gentlenefle and good 
will deſerved better reſpe&t. Or was itfor my ſo long and patient 
bearing his injurious reproaches, and unmannerly bravings of me ? 
It was my mceckneſſe, humilicy,and good nature. Whar other cauſe 
he could have' againſt me, in the very ſtriteſt *examination of my 
conſcience, I can find none. But hee had a mind to cl,mbe, and 
thought my necke might make a fit ſtep for him to ger up by. Indeed 
ſuch is the furious appetite of ſome wicked men, atter their ambition 
and profit, that not the ſacredeſt ryes of Chriſtianity, friendſhip, or 
benefits received can with-hold them: but they will not ſticke even 
co cut the throats of cheir beſt deſerving friends, ſo that they may 
atraine to their intended purpoſes thereby I pray God ſuch benot 
his mind. for I heare he affcterh and is ambitious of public ation 
agd imployment : and ſomething he chinkes/he muſt doe, that he 
may ſeeme ſomebody, and:make hamſclfe famous. 


Concerning that he hath 7» he behalfe of 
unlgar Teachers, and others. 


bs then is yet amore fearefull Adyerſary xemayning,. at the very 
@& thought of whom I am ftriken with dread & crembling : which 
is your indign?tion 1nd diſpleaſure moſt honoured .and noble. Gen- 
tlemen, and you moi} learned and expert Protetlons ot the Miithe- 
maticall Sciences : all whom chis Challenger, as it bis former anyu- 
ries (moſt undeſerved on my part) were 00 little, 1m the higheſt 
fraine of his malice Laboureth co excſpera:e 5ne 1ncente agaifu me; 
that 7 with words downe-11ght and perniricns jhould byth glaunce upon - 
wnany noble Per/dnages wit to0 zrofſey i; nui 10! baſe an attribute, by 
tearming them -doers of trickes, and as tt were tO juggle 3 cIecking you 
grofey, and abbridgine you of your tiberties i aud alſo by yuuficariar: 
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ſhruld fite the Teachers of Mathematics vu!gar (common Teachers 
he would have them called')ranking them with tuglers,and reachers of 
trickes. Farre be ſuch unreyerenc and unmannerly aſperfions againſt 
you from me, ever to approach neere my thoughts : much more to 
proceed forth of my mouth. 


And TI beſeech- you obſerve with mee by what degrees this mali- 
cious unoratefulneſſe doth aſcend to the height of calumniation : firſt 
he (aith, my words, if they be truely canned, revound to the Nobility 
and Gentry : then ſhortly after, that they are downe-right in their 
plainenefſe. which two accuſations ſeeme to imply a contradiction ; 
if they needed /cannizg, and yer did bur reboundeven now : how are 
they ſuddenly become downe-right in their plainenefſe ? And laſtly 
both openly in his Pamphler, and in hisrayling inveRtives againft 
me in all company where he commeth, yea and (ſuch is his impu- 
dence) to my face, that mouth which hath very oftea implored ray 
helpe, and ſubmiſfively acknowledged my courteſy, that very mouth, 
I ſay, hath not been aſhamed moſt flanderouſly to accuſe and charge 
me, That in expreJe words I Jhould call many of the Nobility and Get = 
try doers of trickes and juglers : ' which his bold and-vile report, no 
doubt with many that know me'not, nor the truth, but have given 
credite to his audacious afﬀerfions, hath bred me much envy and diſ- 
credire. Will it therefore pleaſe ſuch as have been ſo ill perſwaded, to 
vouch{afe to accept of atrue and briefe information: As I did to 
Delamain and to tit others, ſo I did to }/i/liam Forſter : 'T freely 
gave-him my-helpe and inftruftion in theſe faculties: only this was 
the difference, I had the very firft moulging ( as I may ſay) of tits 
latter : But Delamain was'already corrupted with doring upoit Yn- 
firumemts, and quite loft from ever being made an Artiſt : 1 (utfercs 
ncrt }/illiave Forfter for ſome time ſo much as ſpeake of any Inftru- 
ment, except only the Globe irſclfe 3 and to expliiacigd worke the 
queſtions of the-Sphzre, by the way of the Analemma : which alfo 
himſclfe did/defciibe for the prefent occaſion. And this my reſtraint 
from ſuch ple 2fing avocations, and. holding him'to the ſtrintffe of 

recept, broughe forth this fruir, rhat in ſhort time, event by hisowne 
ill, he could net onely afe any Inftrument he ſhould ſee, bur alfo 
was able to delineate the like, aad deviſe others: yetfor all this my 
fevere hand ſavy him obliquely to glaunce his eye upon ſuch Inſtru- 
mentary praQices: whereat 1 being: jealons, leſt T ſhould loſe my 
labour, and he his end,which was Art : I'brake outinto that admto- 
nition which in his Epiſtle Dedicatory to Sir Kenelme Digby he (I 
© thinke in my very formall words)ſettech d&wne. Thar the true 
« way of Art is hot by Inſtraments;but by demonſtration : and that 
© it 49 aprepoſicrouscoutſc of vulgar Teachers, to beginne with In- 
| D 2 ſtrumeats, 
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&© ftruments, and not with the Sciences, and fo in ſtead of Artiſts, 
« to make their Schollers onely doers of tricks, and as it were jug- 
cc [ers: tothe deſpight of Art, lofle of precious time, and betrayin 
« of willing and induſtrious wits, unto ignorance and idlenefle, 
«© That the uſe of Inſtruments is indeed excellent, if a man bee an 
« Artiſt : but contemptible, being (ct and oppoſed to Art. And 
« laftly, that hee meant to commend to mee the 5$kill of Inſftru- 
«© ments, but firſt he would have me well inftruRed in the Sciences, 
Theſe words arc to Delamain like a candle unto weake and rheuma- 
tic eyes, his purblindnefle cannot endure the brightnefle of them, bur 
maketh him ſmart, and pricke, and vexe, andcry out, away with 
this light it hurteth mine eyes, put it out: and meerely out of the 
dereſtation of this light, and the diſproportion ir hath to his weake- 
neſle, thoſe tragicall exclamations, wherewith his unlettered and 
unmannerly Pamphler is ſtuffed, have proceeded. Other Teachers 
of theſe Arts, men of learning and skill, have (many of them ) and 
do daily acknowledge the truth, & ſeaſonableneſle of this admoniti- 
on,and are ſorry for the wrong done unto Art it ſelfe under colour of 
me: Onely one Richard Delamain is found who forgetting truth, 
ratitude, good manners, and very ſhame,doth bewray his gald back 
by ſuch impatient winching. Little did I ever ſulpe&t when I ſpake 
theſe words privately at home, they ſhould be /canncd with-ſo un- 
charitable and malicious a cenſure, Honoured Readers conſider I 
pray you who it is that doth you wrong, and offereth you this con- 
eumoely : if it bee 1 who not ſo much as having the leaft thought of 
any of you, privately tutored my learner with a modeſt, gentle, and 
ſcaſonable - E673 or if t be not Richard Delamain himſelfe, 
Sc moſt inſolently, to cloke his owne unskilfulnefle, and miſlea« 
youin Art, and Jogg/ ings doth put upon your ingenuities. that 
baſe imputation, as if he had made ſome of youonly Doers of tricks 
upon enffremence. and as it were taught youto Juggle. What his courſe 
in teaching is I know not : but what his skcll is I doe perfeRly know. 
And concerning my honorable eftimation of you moſt worthy Gen- 
etlemen, I doe unfeignedly glory in the behalfe of. this our native 
Countrey, that no Land under the cope of heaven, is more ha 
with a gallant, 2nd glorious flower of Gentry, and which 1s more 
liberally enriched by nature wit ingermiry' and all excellent endow- 
ments both of wit, courage, and abilities of mind and body, and 
hath more propenſe inclinations co all good, then this our ſweeteſt 
and moft indulgent mother of Great Britaine bringeth forth: only 
if ve can take care to plant in our minds the good ſeedex of vertne, 


and knowledge : and not to negle rhem to be overgrown(as the . 


beſt ground will) with the vreedes of eyill and contraryons habits. 
whercunta- on both fides no one thing condaceth more then che 


wiſc,. 
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wiſe,or inconfiderate choice of Teachers, and Inftruters. And then 
confider I beſeech you what flight account this our glorious Chal- 
lenger maketh of your worthyeft endowments ; that having ſo long 
ordered your ftudies, diſpoſed of your times, and received your mo=- 
ney, hath evenin his owne conſcience done you ſo little good, that 
there being but the very name of loſe of time,jugling, and ignorance,oc- 
caſionally mentioned is himſelf firſt of all ready moſt unmaner]y for 
your ingenuity, yet more unadyiſedly for his oyne credite, to taxe 
you therewith, and pinne it upon you. And will you moſt clearely 
{ee how he ſceketh not your good, but your intollerable expence, for 
his ambition and vain-glory, and no good at all of yours ? His Fj 
forſooth muſt be made of Silver and Gold : Brafle belike is too baſe, 
or he feareth the waſting of it, left there may not be enough left to 
furnifh his face. And they muſt be of fixe feete diamerer, of which 
whether the monſtrouſnefſe, unprofitablenefſe, or excecding charge 
will be the greater, I cannot readily tell. yer as it this were too lit» 
tle xo.exhauſt your cſtate,he hath a far more hideous device then all 
this, that is 4 Cylinder of merall (Silver ſure it muſt be) three feet dia- 
meter, and of height ſafficient to receive 100 or more moveable rings, 
and as many. fixed, having within it ingens, and movements, and I 
know not What Auromata (nor he neither) for the turning of thoſe 
rings, which by compatation of sk1[ful] workemen can hardly be per- 
formed for three hundred pounds : And whenit is done, and you 
with a great deale of labour, can tell the uſe of it, you are not any 
way in Art the wiſer, or- better by three ſingle pence : - but .in farre 
ſhorter.time,.and with much lefle labour, you-may be taught with 
a booke of twelve pence to worke and performe farre- more, and 
more exactly, then by that monſtrous barrell Delamatn himſelfe can 
ever be able ro effe&. And doe you not now (moſt noble Gentle- 
men) cry ſhame upon-ſuch teachers ; ſhame upon ſuch loſſe of time , 
ſhame upon ſuch profuſten of money ; ſhame upon ſuch vile berray- 
ing of willing and induſtrious: wits unto ignorance and idlenefle ; 
And many ſhames upon ſuch diſhoneſty, to ſet out inprint againſt 
his owne knowledge, ſe many falſe propoſitions, and precepts pur= 
polely to abuſe the ignorance of his- Readers, and that they may 
_— him for ſome extraordinary and more. then 4 vulgar 
Teacher, 


Thus have I anſwered to ghe three __ of biz you And 1 ſuppoſe 
that by this time you wonder as well asmy ſelfe , what juſt cauſe- 
there ſhould be of all his clamorous and maleyolous inveighings a- 
gainſt me, But you muſt give him leave to uſe his ewne nature and- 
manners. I am not the firſt, that have beene in this t manner 
provoked by him. Who indeed mo elcaped-him ? The turing hu-- 
| | 7 mMour 
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mour of ſome is, that if they thinke they know any thing, they love 
to make a great noile, and raile a great duſt, till all become weary of 
them. Of this condition is our Challenger : whatſoever he hath, 
he muſt have ir with ſuch a breath, that all che world ſaall heare of 
it, and all chat come in his way ſhall ſuffer for it. England is too lit- 
tle,and his mothers tongue too barren (and yerif his mochers tongue 
were like his, it were copious enough) to yicld him names, titles, in- 
ſcriptions, and expreſſions, Bur France, and Greece, and Lathm 
mult be raked and harrowed for him. to ſuch a height of courape 
and ſpirit ſelfe-admiration hath wrought him. The Aﬀe in X /op 
having got on apiece of the Lyons skinne beginneth to true and 
ruffle among the Beaſts. I am not only contemned by him (for that 
matrcereth not much) But that incomparable Maſter Henry Brizgsthe 
Mirrour of our age for excellent skill in Geometry, and therewith 
for exceeding meekneſle, was ſo vilifyed and flighited by this nifle in 
a bagge, a little before his death, that the good old man forgetting 
his owne mild nature, at his laſt departure from London, being on 
horſe-backe for Oxford, and taking his leave of a friend, ſpoke the 
laſt wores, farewell, and tell Delamain from me that he is an abſurd 
fellow. and that we may not wrong the dead, but give every man his 
due, we muſt ſuffer him to poſleſle the legacic of ſo worthy a friend, 


capeth him not without a ſhrewd laſh, for in the beginning of his 
hooke of ' the Horizontall quadrant pag : 3, be braveth him ſaying, 
this Maſter Gunter delivers ſo OBSTRY SELY in his 66 page of the 
Sefor, that if aman had net more fundamentall Mathcmaticall dorine 
then his bocke teacheths he ſhould never attaine toiet. Itis well for him 
Maſter Gunter is not now to give him a ſecond legacie : /and to tell 
him alyar had need of agood memory. forin that: part of his plea 
which is an an/wer upon his Quadrant towards theend, hee writeth 
that /oyners, and Carpenters, and /choole-boyes, and ſundry Gentilemes 
and others, having not had the leaſt aſSiſtance from any, bur the dire&2i- 
an of Maſter Gunters Booke alone, as upon oath. they have been exani- 
ved, have drawne the projeftion fully and cempleatly. which-ewo places 
being (0 quite contrary are Worth your comparing, that you may 
know Richard Delamain aright. wt - / 
Which his uſage of Mr. Briggs and Mr, Gunter excuſeth him the 
more that he is ſo ſupercilious & range to ethers, who are alſo tea- 
checs of thoſe Arts, and farre more-$kiltull then himſclfe : diverſe of 
whom L have heard complaine 2nd ſtomachar Delamams Rtindin 
ſo.aloof, and. keeping them off at ſuch diſtante-from him, as noe wor- 
thy, of his, yable-projeſston-- &. vehemently ſuſpeRzthat befides his arro< 
ancy,there was.al{o a difhdence,and tcare, leſt his ignorance mighr 
chance (@hevrray i delfe, ap doth an Alle by his long earcs, « 
|  Imb 
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Muſt now borrow a word or twaine with the Gentleman which 
bi writ the firſt Verſes in the beginning of this Pamphlec, and tileth 
himſclfe 6 friend to the /aventer of the Lygaiithmes projetied in crretes., 
Sir I ſee you are not disfayoured of the Muſes and Apo/lo : your 
yerſc is good, and the conceipr well continued throughoumr : worthy 
of a better ſubje& : or if you were pleaſed to play and ſhew your 
$kill in ſo poore an argument, you might have {pared me, who never 
offended you, and whom peradyenture you know noc fo much as by 
fight. Did you ever heare me . 
deny it was found ont by you ? 

Did I ever tell you m— it was mine owne ? 
would I have profeſſed and owned theſe and ſuch flight toyes,I could 
have done it long before your 1nvezter hd any ability of inyention 
in this way. No 1did nothing in publiſhing hereof : I onely gave 
way and permiſſion. and it was not I that did addiR it to my ſeife : 
but his knowne worthleſſenefſe thac did abdicate it from him. New 
ther is your argument of any force : 

But i; it were not thine, how durſt thoa /ay, 

Thou wouldft augm:nt the ſame another day ? 
Why, what can he nor x ? What dareth he not ſay, that may con- 
duce to his vain-glory  Andis it conſequent, becauſe he ſaid if the 
line were decupled, therfore he firſt invented 1t ? If you are as good 
at the Mathematics, as you arc dexterous in making Meter ; you 
cannot be ignorant that the breaking of rhe Circles one into many 
is no new invention ; but is performed inthe Circles of Proportion, 
as they were ſet out: wherein the Canon of Sines 1s broken into 
two circles, and the Canon of Tangcnts iato foure, and I hope by 
the ſame reaſon I cou'd haye broken them, or ( if you will ſo call it) 
augmented or multiplyed-chem, into as many circles as I had defired, 
Buc whereas you Poeunc-lly jeſt at me, 

Tk ten to one this will be challeng'd too, 
I thinke you will prove your {clfe to be atrucr vates then you were 
aware of : though not by me ( who haye not eſteemed ſuch mninutis 
worthy of me) but by Thomas &rowne the Ioyner, whoſe indeed it 
15, and not your ſuppoſed Inventers, Sir you will be pleaſed ro ace 
cept {»me reaſon 1npliin proſe for your verſe : and underſtand I doe 
you a fayour to acknowledge you ſo farre, 


And thus mot honourable and noble Gentlemen having ( as1 
hope even in your judgements allo) vindicated iny truth and honeſty 
from ſuch baſe peei-larcionaryas to ſteale tus labours, and pilfer rhe 
wares of to poore a pack, and cleared my credite from the (currilous 
and wmanaerly calnaaniations & Nlanders,whuch he hath ſo m_ 
cngea- 
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endeavoured to faſten upon me: it will be high time to caſe and free 
our.paticnce from the trouble of ſach idle altercations, And I hum- 
ly beſeech you, that if any where I ſeeme to take his injuries nee- 
rer to heart then in wiſedome I ſhould doe from'ſo comemptible an 
adverſary; not toimpute it to paſſion : but curteoufly to confider 
the unſufferablenefle of his moſt unworthy calumniacions, and cvill 
uſage of me. It may peradrenture be expe&ed thar I ſhould alſo read& 
him a le&ure of good manners : But I will nor take any more paines 
in tutoring ſo ungratious a (choller, Onely I with him to ſtudy over 
his own inſtruction. Yet this good advertiſement I will receive from 
him, that I have worke enough «t home : and that my calling inviteth 
me to fpendmy houres better, then any more co trouble my (clfe with 
anſwering him according to his folly. 
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FIRST PARTY 
OF THIS BOOKE, 


Shewing the vſe of the Firft fide 


of the Inſtrument, for the working of Pre- 
portions both i ple and compounded, and 


for the ready and eafie reſolving of que- 


ſions both in Arihmetique, Geometrie, 


and eAftronomie, by Calcy- 
lation, 


' F 4 
\ 4s ” 
. . | <a \% 
7 S480 A j 
. I © - 
a. C 


CHAP. ) 


Of the Deſcription, and vſe of the Circles 
in #his Firſt ide, 


& Here are two ſides of this Inſtrument. On 
4SJ the one ſide '» as it were in the plaine of 
v2 the Horizon, is delineated the projefiion of 
| DF be Sphere, 'On the other ſide there are di- 
vers kindes of Circles,divided after many ſeyerall waics ; 
B 
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The Deſcription and Vſe PART 1. 
together with an Index ro be opened after the manner of 
a paire ot Compaſſes. Aad of this fide we will tpeak& in 
the firlt place. 

2 The Farff, or outermoſt circle is of Sines,from 5 de- 
grees 45 minuts almoſt, vntil' go. E-ery degree till 30 
1s diviacd intv 13 parts, each part being 5 min: from- 
thence vntill 5o deg: into fixe parts which are 10min: 
a peece : fromrthence vntill 75 degrees into two parts 
which are 30 minutesa pecce. After that vnto 85 deg: 
they are not divided. 

3 The Second circle 1s of T angents,from 5, degrees 45 
min: almoſt, untill 45 degrees. Every degree being di- 
vided into 12 parts whichare 5 min : a pecce. 

4 The Third eircle is of T angents, from 45 degrees 
untill 84 degrees x5 minutes. Each degree being divi- 
ded into 12 parts, whichare 5 min: a pecce. 

5 The Saxt circle is of Tangentsfrom 84 degrees till a« 
bout 89 degrees 25 minutes. 

The Seventh circle is of Tangents from about 35.min: 
till 6 degrees. 

The Eight circle 1s of Sines, from about 35 minutes til 
6 degrees. 

6 The Forrth civclet is. of Vnuequall Numbers, which 
are noted with the Figures 2,3, 4,5,6,7, $,9, 1. Whe- 
ther you vndcrſtand them to bee ſingle Numbers, or 
Tenns, or Hundreds,.or Thouſands, &c. And every ſpace 
of thenumbers till 5, is divided into x00 parts, but after 
5till x, into 50 parts. 

The Fomrrh circle alſo ſheweth the trwe or natural! 
Sixes,and Tangents, For if the Index bee applyed to any 
Sineor Tangeni,it will cut the rr#e Sine or Tangent inthe 
fourth circic« And wee arc to knowe that it the Sie or 
Tangent be in the Firſt, or Second caele,the figures of the 
Forrth cerclr doe fagnifie to anany thouſands. Bur if the 
Sie or T angent be 1n the Seventh or Eight cwcle, the fie 
gures iache Fonrth circleſignific 10 maity hundreds. And 

if 
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if the Tanrent bec in the Sixt circle, the figures of the 


Fowrth circle, ſignific ſo many times tenne thouland , or 
whol: Rady. | : ER 
And by this meancs the Sine of 23*, Zo will bee 


found 3937 : and the Sine of it's complement 9171. 


And the Tangent of 239, 3) will be fond 4348 : and the 
Tangent of it's complement, 22998, And the Radins is 
10000, that 15 the tigure 1 with foure cyphers, or Ctr- 
cles. And hereby you may finde out both the tumme,and 
alſo the difference of Sinzs, and Tangents. | 

7 The Fift circle is of Aquall nxmbers, which arc 
noted with the figures 1, 2, 3,4, 5,6, 7, $, 9, 03 and c- 
very ſpace is divided into 100 xquallparts. 

T his Fift circle is (carſe of any uſe, but onely that by 
helpe thereof the given diſtance of numbers may be mal- 
tiplied, or divided, as neede ſhall require. *\ 

AS for example , if the {pace betweene 1199 and 
119832 + bee to bee ſeptuplec. Apply the Index vnto 
1193-5 + inthe Fourth circle, and it will cut in the Fife 
CliCis 03476+ 3; which multiplyed by 7 makes 24333 : 
then againe, apply the Index vnto this number 24333 in 
the Fitt circie, and it will cut inthe Fouth circle 1175! * 4, 
And thisis the ſpace betweene 1199 and 1198334 teptu.- 
pled, or the Ratio betweene 100, and 108; leven times 
multiplicd into it ſelfe. 

And contrarily, if 117512 bee to bee divided by 7 ; 
Apply the Index vato 117558 inthe fourth circle, and ir 
will cut ia the fit circle 34333 : Which divided by 7 Sis 
vetho03476+. Then againe vnto this Number in the 
Fitt circle a: ply the Index, and inthe Fourth circle it wil 
cur vpon 119332 -+ for the Septupartion ſought for, 

Thereafon of which Operation is, becauſe this Fiz 
circle doth ſhew the Logarnhmes of Numbers. For sf the 
Index be applyed unto a» »umber i» the Fonrth circle, it wil 
in the Fit circle cv2 vpon the Logarithme of the ſame num- 
ber, ſo that to the Logarithane found you prefixea Caracte- 

B 3 riſticall 
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riſticall (as CHafter Brigs termes 5t) one leſſe then # the 
anmber of the places of the integers propoſed ( Which you 
may rather call the Gracuall Number). So the Loga- 
rithme of the namber 2 will bee found 9.30103. And 
the Logarithme of the Number 431$»w:l bee found 
1.63949: , 

Numbers are multiplied by. eAdaition of thy Loga- 
rithmes : and they are Diuded by Subſtrattion of their 
Logarithmes. 

8 In the middeſt among the Circles, is a dowble No- 
fnrndd inftrument, to ſhew the hower of the nighe.. 

9 The right line paſſing through the Center,through 
90, and 45 I callthe Liveof Pnitze, or of the Radine, 

10 That eArmeofthe Index which in euery Operati- 
en is placed at the Antecedent, or firſt terme', I call the 
Amtecedent arms : and that which is placed at the conſe- 
quent. terme, I call the Conſequent Arme. 
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PART 1. Of the Rul's of Proportion. 


CHAT. TL. 
Of the Operation of the Rule of Proportion: and 
alſo of Multiplication, and Diviſios, 
1. T heoreme, 


D F of three numbers given, rhe t:rſt d:- 
pRge yidethe ſecond and the quotient miul- 
Sy tiply the third ; the produ@ thall be 


numbers given, 

Theoreme. If of three numbers given, the ſecond 
divide the firſt, and the quotient divide the third ; 
this later quotient ſhall berhe tourth proportional). 
to the three numbers given. 

Neither is it matcriall whether of the two number: 
after the firſt be ſecond, or third, 

2. And note that in Reciprocal proportion, thatterme by 
which the queſtion is made ; But in Dire@ proportion the 
terme that is homogeneal thereto, is the firſt termee, or the 
Antecedent of the firſt ratio. 

3 And therefore out of theſe foundations thus layd, 

if you rightly conceive the nature of the Logarithmes 
th follow the finding ont of the fourth proportional by this 
Inſtrument : whereof this isthe Rule. | 
Open the Armes of the Inſtrument to the diftance of th: 
faſt, and ſecond number : then bring the Antecedent arme, or 
that Which flood wpon the firft number wto the third, and [0 
the conſequent arme, keeping the ſame opening , Will ſbeW the 
fourth number ſought for. | 
In which operation theſe foure things are diligently 
to be conſidered. | 
B 3. Firſt, 
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Firſt, in conftituti-g the places of each number 
in the fourth circle ; Wh:ther the figures written 
in the ſpaces do? ſizrifie Vaites , Tenns, or 
HKundreds,exc. 

Secondly , if that arme Which ſheweth the 
fourth proportionall , doe reach beyond the line of 
the Radius ; that then you doe account the fourth 
in a new Circle or degree. 

Thirdly, whether the fourth number ſought, 
ought to be greater, or leſſer then the third, For 
if a fourth number bee offered greater then the 
third , when it ſhould be leſſe , or leſse then the 
third when it ſhould beyreater , it ts a ſtone that 
that number doth appertaine to a Circle of ans 
ther degree. 

Feurthly, that looke What true diſtance was 
betweene the firſt and ſecond , that the ſame bee 

ſuppoſed betweene the third and the fourth, and 
aijo on the ſame part. 

4 And for becauſe Mul'iplicatien and Dsvifion , have 


a certaine implicite proportion : we will ipeake of them 
in the firit place. 

5 In Aultplication , As an Vnite ts to one of the fatlores 
(or numbers to be mulriplicd: ) /o« tbe ozber of the fattores, 
zo the proautt. 

And *he produdt of two numbers ſhall have ſo many 
places as there be in both the tactores, it the lefler of them 
Exccede 


Parr 1. Examples of Maluplication. 


exccede fo many of the firſt figures of the product; But it 
it doe not exce«<de, it wiil have one lefle. 

6 eAnd mDwwviſion, Asthe Divijor is r0anVaite; (0 1s 
the Dividend, to the © notient, 

And the Quotient thall have ſo many places, as the 
Divigend hath more then the Divilor, it the Divifer cx- 
ccede flo many of the firſt figures of the Dividend: bur if 
it doe not exceede, jt ſhall have one place more. 

7 Wherctore jct this rule bee {t1l] carefully kept in 
minde : that I» Multiplication the firſt rerme 0* the in pls- 


cite proportion i evermoye 1: And in Diviſion, the firſt 


rerme is the Diviſor, 

And thus much concerning the operation of Propor- 
tion, Multiplication, and Diviſson, I thought mecte to ad- 
month, leaſt hereafter in Multiplying, or Dividing, or 


ſeeking outa fourth proportional, wee be conſtrained to. 


repeate the ſame thivgs many times over. 

8 An ex2mplc of Adultiplication, How Many Pence are 
there in 47%. 9% > For becaulc 1 ſhilling containes I 2 
peace, and 1 pound containes 20 ſhillings, that is 240 
pence : you ſhall multiply 47 by 240, and 9 by 12, and 
then adde together the procucts. 

In the firit Jnltiplication. 


\ - 47 2's Ugo c mil 4 


For ſetthe Armes of the [zdex at 1 and 47inthefourth 
circ'e ; and then bring the Antecedent arme ( which ſtood 
at I) vnto 240,and the Con/equent arme will thew 11280. 

Againe in the ſecond 1ulriplication, 


 - & 3+ i - tak 


For ſer the two Armes of the Index at 1 and 9 11 the 
forrth circle; and bring the Antacedent arme yore 1.2, and 
the Conſequent ame will ſhew 08, I >ſtly,aJde together 
1:1280 and 108 and the ſummec 11288 «vill bo the number 
of pence containes In the iatd {um of 47%, g®, 
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Examples of Diviſion, PART 1. | 


9 An examplc of Divsfes. How many pounds , and 
ſhillings are in 11388 pence? Divide 11388 by 240: 
the diviſion is thus. 


240. 1 tv nn » gft— 


For ſet the two Armes of the Index at 240, and 1 in 
the fourth circle : and then bring the Antecedent arme | > 
(which Roodat 240) unte 11388 ; and the Conſequent | 
arme will ſkew 47 and almoſt an halfe. 

But how many ſhillings that excefle doth containe wil 
appeare, If firſt you finde by Multiplication that 11286 
pence are contained in 47%: which ſubdued from 11388 
there will recnaine for the exceſſe 108 pence. Aﬀtecr- 
wards by diviſſo.. »ou may fecke how many ſhillings are 

11 rog pence: the diuiſfion 1s thus. 
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For ſet the Armes of the Index at 13and x : then 
'bring the Antecedent arme(which ſtood at x 2) unto 108; | 
and the Conſequent arme will ſhew 9. EE; 

9 eAny Fraftion given may bee reduced into Decimal ; 
parts, thus, 

Set the Antecedent arme of the Index at the Denomi- 
nator of the Fraction given, inthe fourth circle, and the | 
Contequent arme at the Numerator , then keeping the 5 
ſame diſtance, bring the Antecedent arme unto x, andthe . 
conſequent arme will few the decimalpearts. 
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Examples of Proportion. 


Cnae, III, 


Naw fellow certaine examples of 
Proportion, 


Example T. 


\ F 54 Elnes of Hol and bee folde for 96 ſhil- 
g76 lings, for how many ſhillings was 9 elnes told? 
Me The termes given are 


EY OY RY 

According to the 2 Chap. z Se. Set one of the armes 
of the Index at the Antecedent terme 54 in the fourrh 
circle, and the other arme at the conſequent terme 96 : 
then keeping that diſtance , bring the Antecedent arme 
vnto9; ani the conſequent arme beyond the 4ne of the 
Radirs will ſhew 16 for the fourth proportionall , accor- 
ding to the conſiderations in the 2 Chap. Sect. 3. | 

Therefore 


it 9 « IG « 


are proportionals. And 16- ſhillings is the price of 
g Elacs. 


Example TI. If 108 buſhels of corne be ſufficient for 
a company of Soulidiers kzeping a Fort, for 36 dayes, 
How many dayes will x 2 buſhels ſurtice that tame aum- 
ber of Souldicrs ? Thetcrines giuenarc 


20S - o-: 36.: 3:1 IS -» 


Set one Arme of the Index at the Antccedent terme 
108 inthe fourth circle , and the other Arme ar.thecon- 
ſequent rerme 12, (being mindrull of rhe conſiderations 
inthe 2 Chap. 3 Sc.) then keeping that ſame diſtance, 

C 


bring 
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bring the Antecedent arme ynto 36 ; and the conſequene 
arme will ſhew 4. 
Therefore 


RI. TE: =. TY, IR 


ſhall bee proportionals. And 4 is the number of dayes 
ſought for. 


———————... 


Example III, There islayd vp ina Fort ſo muchcorne 
as will ſuffice for 75 6 Souldiers which keepe that Forr,. 
for 1 96dayes : how many Souldicrs will that ſame corne 
ſafficc for 364 dayes ? 

The Proportion 1s reciprocall , therefore the termes 
given are 


364 3: 756 *t: 196 « 


Set one Arme of the Index at the Antccedent terme - 


364, and the other Arme at the conſequent 196 : and 
keeping the ſame diſtance , bring the Anteecdent arme 
vato 7564 and the conſequent arme will (hew 407 +: 
And therefore for ſo many Souldicrs will the corne taid 
vp ſuffice for 364 dayes, or 13 moneths, 


ExampleTIII. There is a Tower whoſe height I would 
meaſure with a Quadrant. 


I take two Stations inthe ſame right line from the - 
Tower : and at cither Station having obſerved the height: 


throughthe ſights, | finde chat the perpendicular cutteth 
inthe nearer Station 28 degrees. 7 minutes almoſt : and 


in the further Station 21 degr. 5$ min. almoſt : and be=- 


tweene both the Stations, the diſtance was 76 fect. 


The Rule of meafuring heights by two Stations is cott--- 


tained in theſe Theoremes.. 


Theor, As the difference of the Tangents of the - 


arches cut in cither ſtation, is to the diſtance be- 


tweene- 


A... ak. oe. RES 
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tweene the ſtations ; ſo is the Tangent of the leſſer 
arch , to the nearer diſtance from the Tower. 
Aoainz 

Theer, As the Radius is to the Tangent of the 
greater arch ; fo is rhe nearer diſtance found, ro 
the height. 

And therefore becauſe by the x Chap. 6 Se. the Tan- 
gents of the arches 289,7—,and 21% 58—are 5 3429and 
4032 whole diffcrence is 1310; the proportions will be 


Firſt, 1310 + 76 : : tange21®, 58—. 234 . 
W herefore 234 fectis the nearer diſtagce.s 
| Sccond Radius . tang. 28%, 7 — :: 234 « 125 « 
_ W hercfore 1 25 feet is the height ſought for. 


Example V. To finde the Declination of the Surne the 
9% Jay of May. 


The place of the Sun1e — 
for evcry day, may be had The place of the 
L nere inough out of this —_— aa aps 
1 l Tavle, by Adding vnto Shona 4-7 | 
| theplaccof tne Sun inthe renin 0 26 
- beginning of that moneth ace hs = on 
_ ſo many degrees, as there a 
hb | aredavespatt inchart mo- Apiil WY 21 
4 ; neth: But it the number of May yy 20 
@ degrees exceed 3o,the cx- aune It 19 {1 
cefle 1$ to be accounted in Tul _— A 
hw the Signc next foilowing. | Augut Q 2» | 
| Wherefore the 9th of Sepremb, Sf 
May the place of che Sun — 
\-Þ is 5 20+9, thatis © 29: : Coney = j- 
_ whichis 59 degr. diſtant | = os 
e: from the next £quino- ———— 


Qaall point. tn Tom 
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Theſe things being kcowne y the Rule is delivered in 
this Theoreme, 

Theor, As the Radius is 10 the ſine of the ſunnes 
diſtance from the next Aquinodtiall point , ſo is 
the ſine of the ſunnes greareſt declination , to the 
ſine of the declination ſought for. 


The proportion will be 
Radius , ſinc 5ge : : ſine239%, 30' . ſine 19% 597. 
And fo much 1s the Declination ſought for. 


Example VI. To finde the Right aſcenſion of the Sunne, 
the g® day of May. 

Seckethe plice of the Sunne for the day propoſed: in 
the former Table ; and the Sunnes Gdiftince from the next 
A&quinoQtal point, as in the former cxainple. is 

Theſerthings being knowne, the Rule is by one of thele 
rwo Theoremes. 

Theor, As the Radius, is to the fine of thecom- 


plement of the {unnes greateſt declination; ſo is 
rhe tangent of the ſunnes diſtance from the next 
AEquinudiall point, to the tangent of the diſtance 
ofthe right a'cenſion of the ſunne.,, from the ſame 
Aquinoctialpoin',, Or | 

Theor, As the tangent of the greateſt declinati- 
on of the Surine, is to the Radius, ſo is'the tangent 
of the declination of the {unne for the time propo- 
ſed, vntothe fine of the right aiccnſion ofthe ſunne 
from the next Aquinoctial poinr.. 


The proportions will be cither 
Radius . fine 66®.30 :: rang.59* « tang 56* 46' 


Qr#ang.232,30', Radius :: tang.1 9%5 9... line 562,46. 
De | HAPs 
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of Continuall proportion, Or of 2ro 
orcſiion Geometricall, 


WAR H E Ratio of a Progreſſion is the quotient 

MW of the conſequent terme.droided by hu ante- 
= ceacnt, And therefore in the Inſtrumene 

ATS it 15 the diſtance taken betweene th: termes 

a 5n the fourth circle, by the opening of the 
Index. 

2 To Double, Triple, or Multiply how often loever 
any Ratio given, 1s$nothing elſe but /o often ro par togetber 
the ſaid ſpace or diftance betweene the termes , as is thewed it) 
Chap 1.Seft.7. 

As for example, if the Ratio 60, to 65 be propoſed to 
be ſeprupled. 

Ser the Armes of the Index at 60, and 65 : and then 
with the ſame opening,bring the Antecedent arme which 
was at 60, vnto 1, and the confequent arme will cat 
11932 +inthe fourth circle, and 03476 +in the fift cir- 
cle: this latter rumber being multyplied by + maketh 
24333 ; vnto which number in the fift circle applying 
the Index, it will in the fourth circle cat 117-2, which 1s 
the multiplied number fought for, 

Bur becauſe ina little Inſtrument , the arch cut in the 
fift circle, cannot be eſtimared ©x141y : anda ſmall error 
inthe begining often repeatec , by multiplying is male 
great : it is the moſt ſafe way, to take the Logarithmes of 
the termes of the Ratio our of the Canon. ani to multiply 
them by the number given: As I have done in theſe 

Cxainples, 


C 3 Logas - 
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Logarithmes taken ont of the Caxou, 


00 | 2 . 6000000 


105 2, 0211893 
106 | 2 . 025;059 
x06; 2 . C2802857 
I 07 | 2 - 029:8338 


1075 | 3 . 03 4 85— 
198 2 . 0334238— 
108; | 3 » 0347621I 
108; ;, 2 . 0354297+ 
1'8: 2 . 0364q9939— 
109 | 2 . 0374-05 
110 2 « 03:3937 


Or if the Canon be wanting ; you may come neerer the 
marie, 1f that fi- tt ſingie opening of the Incex bei: g 
k.pt,:nd the Antececent arme ſerat I ; you tiansferre the 
Antccecent Arme, unto tht place whichthe contequent 
arewe doth curt ; and che conſequent 2rme will cur the 
ſaine ſpace duplicated, Tnen bolding the conſequent 
arme in that jane place, open thr Antec: dent a1me unto + 
1 . andatterward with that auphicat-d openmp, bring the 
Antecedent arme to the duphcied pace, and the conſe> 
quent arme wall cut the fpace quairapled. Thirdly, bring 
the Anticedcnt arme unto the gqwedrepied ſpace and the 
conf: quent arme, keepiug that awplicared operrwmg,will cur. 
the (pace ſextepled. Laitly, havwg 2gainc taken a fgle 
opening, bring the Aarecedent a1 me inro the number, or 
ſpace ſextupled ; and the conſequent arme will ſhew the 
Ratio ſought tor ſepinpled 

And this manner of working may bce obſerved for as 
many Multiplications as you pleaſe of any Razio given. 


2 The 
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3-. The Ratio, and firft terme being given, 
to continue the ſame unto any number 
of termes,. 


Open the Armes of the Index, the-one unto the Ante- 
cedent of the ratio given, and the other unto the con- 
ſequent : then the ſame opening being kept, bring the 
Antecedcnt Arme vnto the firſt terme given, and the 
conſequent arme will ſhewe the ſecond terme : againe 
bring che Antecedent arme vnto the ſecond terme found, 
and the conſequentarme will ſhew the third, After that 
bring the Antecedent arme unto the third terme found, 
anci the contequent arme wil ſhew the fourth. And in this 
manner youmay preeced as farre as yuu pleaſe. 


As for example), If a Progrefſicn in the ratio 2 unto 
5, beginrung ai 8, Or if a Progreſsion in the y4t50 200 un- 
to 108, beginning at 5, is tobe inſtitured ; the termes in 
cither progreſsion will be as followeth. - 


20 
50 
125 
3131 
JSP 
195 3u2l. 


YU aw wo ©» 


Y00 + 2083; 5. . 58 


SH, 

$632. 
6.98356. 
68024448 
7346640384 
723437 161473 


VGA 


4 Theo- 


/ <2 
4-400 ot tits DI OE I TINS 
——— _ _— 


4 1 her: The ratio of any tormcr teriwe, ta a 
row of continual! proportionals, vato any of the 
termes following, is xquall to the ratzo of the firſt 
terme unto the ſecond, multiplied into it ſelfe ac- 
cording to the diftance of that Jatter terme from 
the former. 


As for cx1mple, The Ratso 54 unto 61292444% which 
is the third terme from it,is zquall to the ratio of 100 vn, 
to 168 iriplicated, Or asthe Cube of 1co unto the Cube 
of 108. Whercfore 


5 The Ratio, and the firit terme of the 
Progreſon being given, to finde 
Out 4»y other terme required, 


Firſt, mulciply the ratio given into it ſelfe, accor- 
ding to the diſtance of the terme ſought from the firſt 
terme, by the 2 ſc : then ſay 


e75 1 is to that multuple found ; ſo ts the firſt terme, to 
ene terme ſonght for, 


Example, W hat will be the amount of 2 6%in 7 yeares 
by [ztereſt #pon Intereſt, after the rate of 20 peiicc inthe 
pound ? 


Becauſe 1 pound which is 20 ſhillings containeth 60 
groates, and 20 pence conteine 5 groates, the rate of the 
Int:reſt will bee-60 unto 65,;'Or x 00.unto 108133 = ; Bur 
the firſt terme 1s given 26, unto which there arc to be ac» 
quircd 7 other termes in continuall proportion. 

Firſt, by the 4 Chap : and 2 Sect. Let the ratzo given 
be ſeptuplicated, that 1s multiplied ſevenfold into it ſelte, 
which will be 117512, Then ſet the conſequent arme of 
the Index vnto the ſeptuplicate number 11512,and opcn 
the Antgcedent arme vnto I ; and keeping the ſame ope- 

ag ning 
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ning, bring the Antecedent arme unto 263 and the con- 
ſequent arme will hew 4515312lche amount ſought for. 


6 The Ratio, and any other terre of the 
Progreſiion being given, to finde 
the jirſt rexme. 


Firſt multiply the Ratio given into it ſelfe according 
tothe difference of the terme given from the firſt terme. 

Then ſay 

As that multuple 1 unto 1 ; ſou the terme given, ants 
ohe firſt termee, 

Example, what ſumme in 7 yearcs did amouut unto 
45153126 by Intereſt upon Intereſt after che rate of 106 
anto 108133 +? 

Firſt the ratio being ſeptuplicat, by the 4 Chap. 2 SeR. 
will be 117512 . Thenſetting the Antecedent arme of the 
Index to that ſeptuple 117512, open the conſequent arme 
unto I : and keeping the tame opening, briag the Arme 
unto 45153121; and the conſequent arme will ſhew 26, 
which was the ſtocke, or ſumme of moncy , from which 
that amount did aritc. 


7 The Ratio, the Firſt terme, and «vy 
other termee of a Progreſſion bein 
given, to finde how many places ; 
rerme givents from the firſt terme, 


Firſt ſay, As the firſt termaus unto 1 ; ſo tathe other terme 
given , wnto the ratio maltiplicd into vt ſelfe according to the 
diſtance of that torme from the firſt, 

W herecfore according to 1 Chap. 7 Se. and 3 Chap. 
2 5c. by helpe of the fift circle, ſee how often the ratio 
given, is conained in that multuple found. 

Example, Ina how many yeares did 26%, by Intereft 

D ypoR 
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upon Intereſt after the rate of 100 unto 108133 + increaſe 
unto 45153128? 

Firſt ter the Antecedeat arme of the Index at 26, and 
the conſequent arme at 1: and keepivg the fame ope- 
ning bring the Antecedent arme vnto 4513!2, and the 
contequent arme will ſhew 117572 : to which in the fift 
Circle anſwereth 24333. Then b.cauſe unto the conſc- 
quent terme of the ratio 10833 + there agrees in the fift 
circle 03476, divide 24333 by 03476, and the quotient 
will be 7,the number of yeares fought for. 


8 The Fir## rerme, and any other terme 
of the Progrejizon being given to 
finde rhe ratio of the Progreſiion. 


Firſt ſay, As the firff terme 55 mnto 1 : ſo ts the other terme 
| given, unto the ratio multiplied sxto 5t ſelfe according to the 
| diſtance of that terme from the firſt, 

W hercfore according to Chap. 1. Set. 7, by helpe of 
the fift circle, Let che multuple tound be divided by the 
diſtance of the terme from the firſt, 

Example , 26% by Intereſt upon Intereſt in 7 yearcs Þ 
amounted unto 4515312; what was the ratio of the Intereſt F 4 
compared unto 100 ? 

Firſt ſetthe Antecedent arme of the Index at 26, and 
the conſequent arme at 1: and then keeping the ſame 


opening, bring the Antecedent arme unto 455312: and | Þ 
the conſ<quent arme will ſhew 1/12 :unto whichmthe | Y 
fift circle anſwereth 24333 ana this number being divie | A 
ded by 7 will give 0347 +: unto which agreeth inthe | 
fourth circle 108443 + che conſequeat terme of the Inte= | ty 
ret tought tor. F-2 
9 Two numbers being given to finde as 
many Midle proportionals betweene S: 
then PL you will, ter 


Divide a 


Wh... 


———CCc 
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| Divide the diſtance of the greater number given from 
the leler in the tourth circie 1uſtly taken , according to 


nd | Chap. r. SeR.7, by helpe of the fift circle igto equill ſeg- 
& | ments, one more thenarethe number of Midle propor- 
he tionals ſought for, All rheſe ſegments added orderly to 
te | thefirſt rerme, doe diſtingulih the termes of the Pro- 
ſc | grefſion which you tceke. 

ft Þ Example, Letthere be foure Afiale proportionals, fought 
nM F outberweenes and 1919c656, 


Apply the Index unto 8 in the fourth circle, and it will 

cut in the firſt circle 9039:alſo fer the Index unto 19,91— 

inthe fourth circlc, and it will cut in the fift circie 2989 ; 

which number becaute it reaches beyond the Vaite line, 

is indeede 12999, according to Chap. 1. Se.7, and ſo is 

F the diſtance juſtly taken. | hen ſubducting 9039 from 

"* FF 12989,there will remaine 3950: which divided by 4+ 1, 


he the quotien* will give 790 . wherfore go 39 +799, 1cil. 
9829 inthe fift circle 40th agree with 915 1n the foarth 
of * cuck, whichis the firff midle proportional, And 9939 + 
he Þ tile 790, ſcil. 10619 1n the fift circle doth agree with 
5 ' 111 in the tourth circle , which is the ſecond mide pro- 
7  porronall, And inthis manner 1315:4, and 16,5888 yill be 
. ' found the thirdand fourth midie proportionals, © 
d | 10 Theor, If from the Ratio given, being multi- 
" | pliedjvir ſelfeaccording tothe number ot cermes, 
> || youſubdud x, and multiply the remainder, by the 
i. FF antecedent of the ratio, It will be 
ne | As the difference of the rermes of the ratio, is 
& | untotheproduct ; fois the firſt terme, tothe ſum 
of the Progreſsion. 


As for example if the Ratio of the Progreſfion be R to 
S: andthe d:fferevee of R raken out of S be D. and the fir 
terme of the Progreſſion %: and the whole ſumme of the 
rermes Z it ſhall be, 


de 


D 2 Dd » Tate 
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D +» Tat. mui'® — x:inR 33-0 ,. Z n 


Which isthe very Theoreme it ſelfe expreſſed in Sym- 
boles of words : that it'may more eaſily be fixed in thephan- 
talie, Which proportion alſo wee mult co:nfider, doth 
hold both «/ternly, and conwerſly. 

This Theoreme may otherwayes be expreſſed, by the 
equality whichthe produt of the two midle termes hath 
tothe produR of the two extreames, thus 


Ratio multiplicata—1inRin<<—ZinD.. 


This manner of ſetting downe Theoremes , whether 
they be Proportions, or Equations,by $ymboles or notes 
of words, 1s moſt excellent, artificiall , and -doftrinall. 
W herefore T1 earneſtly exhort every one , that defireth 
though bat to looke into theſe nobic Sciences Mathema» 
ticall, to accuſtome themſeclucs unto it ;: and indecde it 1s 
caſie, being moſt agreeable toreaſon, yeacven to ſence. 
And out of this working may many ſingular conſeRaries 
be drawne : which without this would , it may be, for 
cyer lye hid as inthis preſent propot tion : becauſe it is 


D . rat. mul® —1in« ;: « , Z. . wherefore. 
Rat. mul® —1jinR.D ::Z.e . And 
a « Z :: D +» rat. mui*®—1inR 


Theſe are «xceeding caſie-: but this fcl uwing is more. 
diiticulty and requireth attentiou). . 


In the former equari0» it was 
Rat, mul® —1inRin« =ZinD' 

Now becauſe Rat. mul® —1in Rin «, 

and Rat, mul®—inRin«—Rine, 

and Rat. mul®*inR—Rins, 
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and Rat, mul**in « —<inR, 


- , are equall one toanother, and alfoto Z inD, thele xqui- 
b ; tions ſhall alſo be conſe Rarious. 


Rat nu'a—1tinRneD?7., os 


= — 2 —— —— = > OY 


and Zin D=rat. ul® inR—R. 
& 


and Zin —=ratemui®in © —@ , 
R 


and ZinD4Rina= rat, mu;'* 


AW 9 


And beſides theſe many more. The praiſe whereof 
T leave to the induftry of the ſtudious Reader , eſpecially 
having delivered the whole Art of ſuch operations in my 
Clavis Mathematica, | 

Some of theſe I have occaſion to uſe in the ſeions 
following. 


79 00 0 0 WE >. 0 OY 
= 
S 
a 


11 Therefore the Ratio of a Progreſ- 
ſ10n, 4nd the firſt terme, and the 
number of termes being given, 
to finde the ſurame of the whole 
progreſſion, 


For this operation the rule , or Theorceme laſt before. 
ſeryeth : for by it 
Rat. muta —1 inRina —Z , 


\_ —_— 


D 


D3 
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Example, It an Amity of 5i, be detained 7 yeares, 
w hat will be the 47-092 thereot by intereſt upon intereſt 
ater the rate of x00 uuto 108 ? 

Now becauic the eAmornrt v5 the ſumme of the Progreſ- 
fon, Whereof the firſt terme #5 the annuitte, Multiply the ra- 
tio into 1t ſelfe according to the number of yeares, by 
Chap. 4.Set.2, and it will be 117132 : from which ir you 
ſubduct an vnite, there remaines 0171782 , which multi- 
plicd by 1co maketh 71132: then tet che Armes of the 
Index at 1 and 71882; and bring the Antecedent arme 
Which ſtood at 1, unto 5 the firſt terme:; and the conſc- 
q'ient are will cat 3564975 (that is Rat. mu — x inR 
ine) and laſtly.this numoer being divided by 108 —1-*0, 
ſcil. oy 8, the quotient will give 441549, for the ſamme of 
the Whole progreſſion : andſo much 15 the awount (ought for. 


I2, The Rate, the Number of T ermes, 
and the Summe of a Progreſiion be- 
ing given, to find the firſ? rerme, 
By the converſe of the foregoing Theoreme, it is ma. 
nifeſt, that 


Rat: mul® =1»ReD :: Z, 4. 
The declaration in words was in the 10 Sea. 


Example, If an eAnnuiie detained 7 yeares by Inte- 
reſt upon Intereſt, after the rate of 100unto 108, did 
increaſe unto 441542, how mech was that Annuitic ? 


Multiply the Rats into it ſelfe according to the num- 
ber of yeares ( per cap. 4. ſe2.2.) and the produd will be 
111782 : from which if you ſubduct an Vairte, there re= 
ma;ncs 017':82: this belong multipled by 100 doth make 
71:3? , 1henſay 


T1132 . g $4 9 - $ » 
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tor the Fuſt cerme : which was the Annie {ought 
for, | 


13 The Ratio, the Firft terme, and the 
Summe of the Progreſfon being gi- 
ven, to find the Number of termes. 


By the Theoreme inthe Lo. Sect. it was 
« «- © 7 3D . rat. mai*®—tiak. 


W herefore {er the Antecedentarme of the Index unto 
the Antececent terme of the ratio, and the conſequent 
arme unto the Summe of the Progreſſion : and with that 
ſame opening, bring the Antecedent arme unto the diffe- 
rence of the termes of the ratio ; and the conſequent arme 
wil ſhew a number(that is Rat.mul. — 1 in R;) which if 
you divide by the Antecedent terme of the ratio,and unto 
the quotient adde an Vnite, you ſhall have the ratio nuul- 
tiplicd into it ſelfe according to the number of ter mes. 
Therefore taking the diſtance betweene the rermes of the 
ratio, with the armes of the Index, meaſure by helpe of 
the fift circle (per Cap.4q. Seff.7.) how often thar diſtance 
may be tound inthe multiplied ratio : for ſo many are the 
termcs of the progreſſion. 


Example. If an Annie of 5 letained by Intereft up- 
on intereſt after the rate of 100to 108, increaſed unto 
4415140%, How many yeares was the 4{rnmitie detained ? 


et the Antecedent arme of the Index at 5 ,and the con= 
ſequent arms at 44:40 1nd with the ſame opening bring 
the Antecedent arwr- unto 8, and the conſequent arme 
will ſhew- 71882 (chat is Rat. mu'® — 1 in R:) this 
number being avided by Ioo,will be 071382 : and if unto 
the quotient you ade IT, you ſhall have 1.71332 (the ra- 
tio maltio'icd into it felfe according to the number of 
yearcs ; ) unto which in the tift circle antwereth 23 4 8: 
ly 


of continga Proportion, PakT l, 


but unto 108 in the fift circle.there an{wereth 0334. di- 
vide therefore 2338 by 03343;and the quotient wili be 7, 
for the number of yearcs fought for. 


Or ſuch queſtions may be more eaſily performed by 
this Theoreme , which the induſtrious Reader may by 
hiinſelfe practiſe. 


ZinD + Rin « = rat. mu! 


Kine 


14 Theor, If the ſumme of the whole progreſſi- 
on be divided by the ratio multiplied into it ſelfe 
according to the number of termes, the quotient 
will be the firſt terme , and thatſumme given will 
be the laſt terme, of another progreſſion, having 
the ſame ratio but one terme more, 


15 And becauſe a ſumme of mony the amount where- 
of in any number of yearcsgiven, by Tntereſt upon inte- 
reſt, doth cquall an Annuirie ſo long detained, is equiva- 
lent to the ſame Annuitic ; and the amount of an Annuitie 
is the ſumme of a Progreſſion continued from that Annuj- 
tic. If therefore an Annuitie for any number of yeares be 
divided by the ratio multiplied into it ſclfe according to 
the number of yeares ; the quotient will be the juſt price 
of an Annuitie to endure for ſolong. And becaule by the 
10 and 1 1 Sc. it hath beene ſhewed that 

Rat. muta —rinRine = totheamount, 
5 


Therefore by the 14 Sc&, Rit.muſu—rinR in 
Rat, mulia in D © 


will be cqualltothe price of an Annuitie in ready motiey, 
which ſhall bethe Rale for the operation following. 
W herc- 
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| Wherefore alſo : 
*» 3 Rat.mui® — 1;nRine=Rat.mui*inD in Pret, 


which proporticnis thus enuntiated in words, 


Theor, If from the Ratio miltiplied into it ſelfe 
according to the Number of yeares you ſubductan 
Vnite, and the remainder be multiplied continu- 
ally by the Antecedent of the Ratio , and the An- 
nuitic it ſelfe : And againe, It the Ratio muitiplied 
into it ſelfe, according to the number of yeares be 
multiplied continually by the difference of the 
termes ofthe Ratio, and by the Price: both thoſe 
products will be cquall. 


Www O&aw yt (y* 


Example. An Annuitie of 5”, to endure for 7 yeares, 
is to be fold: what 1s it worthin ready money, after the 
| Ratc of 100unto Io8 ? 

; | The Ratio multiplied into it ſelfe according to the 
| number of yeares (per Cap. 4 Sef.2) is1,71:8: ſubdut x, 
and there wil: remaine 01382 : which multiplied by 100 
maketh 7 1,82 . Then tcrrhe Antecedent arme of the 
Index at I, and the conſequent arme 711332 : and keep- 
| | ing that ſameopening,bringthe Ant-cedcntarmeunto 5 ; 
| and the conſequent. arme will ſhew 356 975 ; keepethis 
(forit is rat mule —tmRin@), After that tet the Ante» 


D 
cedent arme of the Index at x, and the conſequent arme 
unto the multuple ratio 17138 ; and wich the ſame open- 
ing bring the Anteczdent arme unto 8; and the conſe- 
quent arme will cut 13,7725 , keepethis number allo (for 
it is Rac. mual.in 1) ). Laſtiy,olace the Aarecedent arme of 
the In-!exat 13,7795 , and the conſequent arme at « ; and 
with the ſame opening bring the Antecedent arme vnto 
256,215 : andthe conſcquent arme will ſhew 26-22 2li. 
which 
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which is the iaſt Price of an Annuitie of 5% in readic 
|. money | 
16 And by the laſt prxcedent Theoreme or Rule, allo 


Rat mul. inDinPret — @& , 
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which Theoreme may bee enuntiated in words as was 
there ſhewed. 


| Example. An Annuitic for 7 yeares is bonght for 
| 26,932li. after the rate of 100 unto 108, by Intereſt upon 
intereſt : how much was that Annuttie 2 


The Ratio multiplied into it ſelfe for the number of 7 
yeares (per Cap: 4, Se. 2)is 191:8 : which multiplied 
| continually by 8, and by the price , doth make-3 561915. 
Divide this number found, by 7113*2, (which isthe wt. F 
|: enple ratio) it (elte lefle by an Vnite,and multiplied by 100; 
and the quotient wull be 5k , the Annuitts tought for. 

17 Alſoby Rationation from that precedent rule will 
follow this propoſition 

RIGS = Rat- mult, 
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which is thus enuntiated in words, 


Theor, If the produ®t of the Antecedent of the 
ratio multiplied by the Annuitie be divided by it 
ſelfe, being diminiſhed by the product of the dif- 
ference of thetermes of the ratio multiplicd by the 
Price : the quotient will bee equall to the ratio 
multiplied into it felte according to the number of 
yeares. As 

Tf the ratio be 100 unto 108; the Annuitie 5!i : and 


the price thereof 261<32li- Ser the Antecedent arme of 
the 
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Parr I. Or of Provreſsion Geometricall, 


the Index at 1 , and the conſequent arme at $8 , the diffe- 
retice of the termes of the ratio : and with the ſame ope- 
ning bring the Antece ent arme unto 261212 — ; and the 
contcquent arme will thew 2088255 : which ſubduRed 
from 500, there will remaine 291,744, for the divs/or, 
Sertherctore the Antecedent arine ot the Index art the 
arvifor 291,744, and the conſequent arme at I : and with 
the lame opening , bring the Anteced<nt arme unto the 
dividend 500: and the conſequent arme will ſhew 1717158, 
which is the ratio multiplied into it ſelte according to the 
number of yeares. And by this number fo found it will 
be eaſie (by helpe of the fitt circle) the ratio of the Inte- 
reſt being giyen, to finde the contiauance ct ihe Annuitie. 


Example, An Annuitic of 56, was bought for 2603: li—, 
aftcr the rate of 100 unto 10g : how many yeares 1S it to 
laſt ? 


Firſt ſeeke out the ratio multiplied into it felfe accord- 
ing to the namber of yeares,which will be 1,77:8, accord- 
ing as was even now ſhewed in this Sect. to rhis inthe 
fitt circle there an{wereth 2338 : bur unto 108 there an» 
{werethin the fife circle 0334+ Divide therefore 2338 
by 0334; and the quotient will be 7 for the number of 
yeares ſought for. | 


Of Quadrating and Cubing, Part I: 


CHAP, V. 


Of the Quadrating , 4nd Cubing of Numbers. 
Sides or Rootes: ard of the Extraction ot 
the Quadrate, aud Cubic fide, o7 roote, ous 
of Numbers, or Powers g:ver. 

F « number, ſide, or roote be multiplied ints 

It jelfe z the produt? will be a Y naaqrar. And 


XS 7 4 quadrate bee meltiplicd into his ewne 
DB /iac, or roote, the produtt Will be a Cube, 


Wherefore 1 . N :z N . b . 
nd 3 i HW »-:C-. 


2 Iftherefore anumber be given to be Qua-rated 

Set the sAntecedent arme of the Index at 1, and ths conſe= 
quent arme at the number given : then With the ſame epening 
bring tne eAntecedent arme to the number given ; and the con- 


ſequent arme will ſhew the Quadrat thercof. 


And tne number of figures in a Quac'rat of a ſingle 
root (or which doth notexcecde 9) iscallly found out by 
thoſe Rules, that have beene before delivered concerning 
Maltiplication. But if a ſide or root conſiſt of more fi- 
gures then one ; for each figure after the ficit it acquireth 
tiwomoie places of figares. And ifany of the figures of 
the root given be decimal parts, cat of from the Quadrart 
found, twice ſo many of the laſt figures for decimals, 


Example ]. The Quadrat of the fide 7 is required, Say 
I . Fd ® o 7 . 49 
Set therefore the Antecedent arme of the Index at 1. 


and the conſequent arme at 7; and with that opening 
bring. 
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bring the Antecedent arme unto 7; and the contequent 
arme will ſhew 49 which is the Quadrat ſought for. 


Example 1 I, The Quadrat ofthe fide 57 is required, 


Set the Antecedent arme of the Index at 1; and the 
conlequent arm- at 57: then with that ſame opening 
bring che antecesent arme unto 57; and the conſequent 
arme wiliſh:w 3249 , which is the Quadrat ſought for, 
conliiti1g of foure places. 


Example 11T. The Quadrat of the ſide, or root 570 is 
required. 


Having found as before, 3 249 for the quadrat of the 
ſide 57 : put thereunto two Circics : and it wiil bee 
3 24.902, the quadrat ſought for. 


Example 1 1 11, The quadrat of the ſide 574 is re« 
quired. 


Serthe Antecedent-acme of the Index at x, and the cor= 
ſequent arme at 574; and withthe fame opening bring 
the Antecedenc arme unto 5 74; and the confequent arme 
will thew 329476 , the quadrat ſought for coalifting of 
ſixe figures : bur che two laſt figures cannot art all be dit 
cerned by the Initrument. 


3 Ifa numoer ve given to be Crbcd, 


Set the Antecedent arme of the fudexat 1 , and the conſe. 
quent arime at the number given ; and \vith that ſame opening, 
bring the eAntecedent arme unto the xumber given ; and the 
conſequent arme Wl ſhew the Q uadrat ; thenbring the ,An- 
tecedent arme unto the © naaxat, and the conſequent arme 
With that ſame opening Will ſhew the Cube of that ſide given, 


The number figures in a Cxb? of a ſingle fide , or root 
which doth not exceede 9, is cafily found by that which 
hath beene before delivered concerning Muitiplication : 

E 3 Bur 


Bur it the {ide , or root conſiſt of more figures then one ; 
for each figure after the firſt 1t obtaineth three more pla- 
ccs of figures, And it any of the figures of the root given 
be decimal parts, cut oft trom the Cabe tound thrice to ma» 
ny of the l:lt tigures tor decimal parts. 


Example, The Cube of the (ide, or root 7 is required, 

Say, I . T7 + - - 8... 49 

againe 1 « 7 3: 49 » 343 « 

Set therefore the Antecedent arme of the Index at x, 
and the conſequent arme at 7 ; and with that opening 
bring the Antecedent arme unto 7 , and the conſequent 


arme will ſhew 49 the quadrat thereof : Then fer the 
Antecedent arme at 49 ; and the conſequent arme (with 


that firſt opening) will ſhew 343, which is the deſired - 


Cube of the fide propoſed. 


Another example, The Cube of the fide, or root 57 is 
required. 


Set the Antecedent arme of the Index at 1 , and the 
conſequent arme at 57; and with that ſame opening bring 
the Antecedent arme unto 57 ; and the conſequent arme 
will ſh:w the quadrat 3249. Then ſet the Antecedent 
arme at 3249 ; andthe conſequent arme keeping the for- 
mer opening will ſhew 185193 , whichis the required 
Cube of tha: ſide propoſed, confiſting of fix places :. but 
the two laſt figures cannot be known by the Inſtrument. 


Example [ 17, The Cube of the fide 5 70 is required. 


Hauing found as before the Cube of the ſide , or root 
57to be 185193 : put thereuntothree circles ; and it will 
be 185 193000 the Cube ſought for. 


Examples of greater Cubes, it will be needleſle to ſet 
downe. 
4 The 
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ParTl. Of the extraftion of Square roots. 


». 4 The Extrattion of the Square, or Duaarat root,or frae, 
is done by helpe of the fitt circle, after this manner. 


Set the Index at the © uaarat propoſed; and of that num - 
ber which it cuts 3n the fife circle, take haltfe: then ſet the In. 
dex at that halfe ; and ut Wall ſhzw in the fourth circle, the ſiae, 
or root ſorght for, 


Bat you mu{t k2ow that if the number which is the 
Quadrat prepoſe? Fave onely two places of Integers,the 
fide,or root conftiteth of one figure. But if it have more 
places of Integers, dividing them by 2, the quotient will 
give the true number of figures inthe root, 1t it meaſure 
it exactly ; or one lefle thenthe true number if any thing 
remaine. 


Example 1, The ſide, or roct of the Quadrat 49 isre- 
quired, 


Set the Index at 49 tn the fourth circle, and it will cur 
in the fift circle 6922 ; in.ieede 1. 6992 having the gradu- 
all number x prztixed, becau'e 1 in the fourth circle ſig- 
nifieth 10, one c5rc#3t50n thereof being finiſhed : the haite 
whereof is o. 8451. Then ſet the Index at 0.8451, in 
the fift circle ; and it will cut in the fourth circle 7, the 
ſide, or root ſought for. 


Examples 7 7. The ſide, or root of the quadrat 3249 is 
required. 


Set the Index at 3249 in the fourth circle, and it will 
cut in the fift circle 5118; indeede 3.5118 prefixing the 
gradual number 3, becauſe 1 In the fourth circle fignttieth 
L000, three circuiz5onr thereof being finiſhed : the halfe 
whereof is 1+7559- Then ſet the Index at 75 59, omit- 
ting the prefixed graavallnumbrr x ; and it will ſhew in 
the fourth circle 5 7 the fide ſought for, conſiſting of two 


figures, becauſe I in the fourth circle ſignifieth 10. 
Example 


Of the Extraflion of Cubic rootes Parr I. ' 


Example 111, The fide of the quairat 329476 is re- 
quired. 
Setthe Index at 329476 inthe fourth circle,and ic will 
cut in the fiftcircle 51978; indecde 5.5178 prefixing the 
gradual number 5, becauſe 1 in the fourth circle fignttieth 
109: 004five circaitions thereof being paſt over ; the halfe 
whereot is 2.7589; Then ſet the Index at 7589 , omit- 
ting the gradual! number 2 prefixed thereto; and it will 
ſhew in the fourth circle 574 the ſide, or root ſought for, 
conſiſting of three figures, becauſe 1 in the fourth circle 
dcth ſignitie 100. 


5 The Extrattion of the (ubic roote , or fide is done by 
helpe of the fift circle after this manner. 


Set the Index at the (nbe propoſed; and that number Which 
it cuts in the fift circle divide by g. T hen ſet the Index at 
that third part, and it Will ſh:w #n the fourth carcle the ſide, or 
roote [org bt for, 


And you muſt know that if the Cube propoſed have 
onely three places of Integers, the ſide, or roote thereof 
conſiſteth of one figure : But if it have more places of In- 
tegers, divide them by 3, the quotient will give the true 
number of the figures of the Root, if it meaſure it exact« 
ly; or one lefle then the true number if any thing re- 


maine. 


Example I, The ſide, or roote of the Cube 343 is re- 
quired. 


Set the Index at 343 inthe fourth circle, and ir will 
cut in the fifr circle 5353 ; indeede 2.5353 prefixing the 
graduall number 2 , becauſe 1 in the fourth circle doth ſig- 
nifie 1004two circuitionstherof being palt ove: ::hethid 
part whereof is 8451. Then (cr the Index at 8451, and 
1c will thew in the fourth circle 7 , the ſide fought 


for. 
Ex.;mple 


Parr I. of extraftion of the Cubic Roote. 


| Example TI. The fide, or roote of the Cube 185 1 93 is 


p required. 

o Ser the Index at 185193 in the fourth circle; and it 

h will cut in the fifr circle 2677 ; indee.ic 5.2677 prefixing 

A the gradual nwmber 5 , becauie I in thetourth circle doth 

*y ſignitic 100000, tive crcuitions thereof being paſt over : 

(1 the third part whereof 1s 1.7599 Then fer rhe Indexar 

. 75 99,0mittng the prefixed gradual member 1 ; and inthe 

% | fourth circlei: willſhew 57, the ſide, or root tought for, 
conſiſting of two figures , becauſe 1 in the fourth circle 
doth ſignifie 10. 

/ Examples of greater Cubes it will be necdleffe to ſet 


downe. | 
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Of Duplicated, ard Triplicated pro- 
Or 10n. 
And firit of Duplica:icd proporticn, 


Theo "(#4C, 


Dy w obich the pr of lke | ja ave Compa- 
red, doe apperiaine vn: 61 his place, 


Andit is to he mated, that i three numbers be given, 
in which As rec quadrat of the fi: ſt. 5 unto the qnadrat 6) ofthe 
ſecond! : ſo onrh r the third ro be rerito a number [ought for. Let 
ir ve thas cone, As the fi ft numb rs; ro theſecind ſo 5 the 
third to afourth; And againe As the firſt number, 1519 the 
ſecond - ſo us the fourth now fonna, tothe number ſought for, 


Example I. There are twolike reRangle Arce,or platres, 
the iengih of the greater , 1$40 feete , the length of the 
Ifrr 24 feet: each ot them paved wich paving tiles ; the 
greater hath 1240 tiles : how many ſhall tkel: fer have ? 


The 4ree, or plames are one tothe other , as the qua- 
drats of the longizudes given. Andthe proportion is di- 
rect, Say thcrctorc 


1600 (Q: 49) - 576 (Q 24) :: 1200 . 432. 
which is the number of tiles contained in the pavement 
ol che icfſcr Arez, or plaine. 


Example 11, How many Acres of woodland meaſured 
with a Perch, of 18 teere, are there ir 73 Acres of cham- 
paneland, meaſured witha Pcichot 16, teete ? 


The 
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25 


| Them: -alures given (18,16, :)being reduced | into their 


leſt termes, arc as I2unto II : and the he ppt" of theſe 
numbers, arc e, 144, and 121, And thc Proportion is Re- 


ciprocail. Say therefore 


144 (2: 12) « x21 (Qz 11) :: 73 44; : 61-29 


and ſo many are the Acres of Wood lar 
Of Triplicated proportion. 


3 Theor, Like Solids arc ina Triplicated ratio, 
that &,As the Cubes of their komol: »gal (1 des. Aud 
therefore queſtions in which the ſid?s of like iolids arc 
compared, ave appertaine unto 166 place, 

If three nuntvers be given in the which, As the 
Cube of the firſt is to the Cube of the ſecond. : 10 
is the third numbcr to a number | ougnt for. Let 2t 
be thus done , Asthe firſt numbe: is tothe ſecond ; 
ſo is the third to afourth: Azaine, As the fiſt is to 
theſecond , ſo 1s the fourth now found unto a fifr. 
And thirdly, Asthe firſt is to the ſecond ; ſo isthar 
fic to the Yyaber ſought tor. 


Exmple, If 4, of gnnpowder , ſuifice to charge 
a Guy, whereof the concave diameter 1sivch 15, How 
m1iny pounds of powder wil. ſuitice to charge a Gui me, 
whoie concave diameter Is 7 inches? 


The capacitics arc one to another, as the Cubes of the 
diarcrers. Aad the p:oportion is dire&. Say theretore 


31275 (C: 15 ) . 343 (C: 7) $3 243 « 421 + 


wherefore 43:3. of Gunpowder, will bee needfull to 
be had. 


F 2 Anothey 


Another example, 43:74. of Gunpowder are ſuifici- 
ent rocharge a Gun , whole diameter 1n the concave is 7 
inches: now there is another fort of Gunpowder, much 
more ſtrong and forcible, thar is in ſtrength unto the for. 
mer, 285 vnto 3 : How much of this ſtronger powcer, 
will ſuifice to charge a Gun of 4 inches diameter ? 


Here are two operatiors : the firſt ſeckes out , how 
much of that ſtronger powder ſuthiceth to chargea Gun 
of 7 inches diameter : and the proportion is reciprocall, 
char is 

5  - 3 4 ff «». 2910 

The fecond operation is like chat in the former ex- 

ample. 


343 {C: 7) 64 (Cc 4) 33 151, , 2884 


Of Triplicate Proportion. "Parr 1 © 


of Circles 
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4 | CH AP. VII, 

» Concerning the Meaſuring sf Circles, 

: | Cones, Cylinders, and Sphzres, 

, 'Y dRchimedes in a peculiar Treatiſe fonnd the 


proportion of the D;amcter of a circle to 
= the Circumfcrence to bee a very imale 
? dealc greater thenof 7 uito 22: And of 

_S<Dwl) late Ludolph Van Centen ioGtting in the 
fame ſteps of eArchimeaes, hath more preciſely tound it 
to be of 1 vnto 314159*653589793 but tor our Inftry- 
ment it will be ſurticicar ro tek=the ratio of 1 ynto 2146, 
Or of 0818: +uncor : icaving the diligent pratiiz-c, to 
more «xactnefle, it he picale to u'e his Pen, 


And note that the Rulcs following are ſer dowwne in 
proportions, to be wrought as hach been taught in Chap. 
23 ScR.3, W herein 


D, or Diam. fignificth the Diameter. 

Dq, or Q. Niam. the Quadrat of the Diameter, 
D-;, or C. Dim. the Cube ot the Diameter, 

R, or Rad. the Radius, or Scmidiameters 


P, or Perif, the Pcriferic, or Circumferences 
Pq, the Quadrat of the Periferie. 

Long. the I:ngth. 

L the ſide, or latus 

Air. thealcitude. 


s, ſheweth that the two magnitudes berweene 
whach it is ſet, are to be maltipliea together. 
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2. The Diameter of 4 circle being given, 
to finae the Periferia, Say, 


7 + 22, Or x .- 3:45 ;; Dim , Perif , 


Example, A circle is given, the Diameter whereof is 
12, 1 wouid know thecircumference , or Periteria of it. 
SA1y, 
Eg 0 0s BRI « 
3 ThePeriferia of a circle being ginen, 
- to finde the Diameter, Say, 
22. 7, Or 2 . 08133+ ::; Perit , Diam . 
4 The Diameter of a cacle being zinen, 
Jo finde the Arca, Say, 
7 *4 + 22, Or 1 . 0754 :: Q: Diam. Area, + TH 
Or els x « 31'41% :: Q: Rad « Ara, © 


Example. Acircle is giuen,the diameter whereof is 12, 
I would k:ow the content, or Area of it. Say, 


T4 07854 $5: I44 (Q+ 12) R I 1312976 2 
Ort , 34415 :: 36 (Q:6) , 11355976 
5 The Arca of a circle being giuen, 10 finde 
the Diameter, Say, 
22 + 7*4, Or 1 . 17324 ;: Area » Q: Diam » 


Example, A circle is given , the content whereof is 
1 13:2976, I would know the Diamcter of it. Say, 


I « 1927324 35% 1139970, 144 «© 
6 The 
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6 The Periferia sf a circle being ginen, 
to finde the Area, Say, 


22%4 « 7, Or 1 . 0755775 ;: Q: Perif . Area. 
$ 7 The Arcarf acircle being ginen, to finat 
the Periteria, Say, 

7 . 32"4, Or 1 . 13,566;7 :: Area , Q:Perif, 


In a Cone. 


2 The fideof a right Cone, andthe Dia- 
meter of rh- baſe being ginen, to find 
the Superficies, Say, 

7 » 225 © © 920 3:1416 8 5 | > © Superf . 


Example, A Cone is giucn, whereof the ſide is 18, and 
the diamcter of the baſe 12, { would know the tuper ficies 
of it. Say, 


| 7 - . 3.74'6 :; 108 (jDvTL) . gar2ow, 

9 The Axis, or height ofa right Cune, ; 
andthe Diametcr of the bale, berg 
ginen,to find the Soliditie, Say, 

7:4 . 32, Or r . of844 :: Dqinzg Axis. Soliditie . 


Example. A Cone is ginen, whereof the Axis is18, 
and the Diameter of the baſe 12 , I would know the Svu- 
lidity. Say, | 


x . 07954 :: 864 (Dqin4axis) . 6788855 «. 


In 


Of Cylinders and Spheres. Pa RT L , 
- Tn a Cylinder. _ 


19 Theſide ofa right Cylender and the 
Diameter being given, to findethe Su- 
perficies, ſay, 


7 + 22, Or I . 3,'4!5 :; Diam: *«axcm » Superfic. 


| 
| 11 The Side of a right Cilinder, and the 
l | Diameter biz grven, tofinde the So- 
lidi:ie, Say, 


7*4 « 32, Or 1. 0f84 2: Dq «LI . Soliditic» 
12 TheSide of a right Cylinder, and 


the Circumference P, being given, 
zo finde the Soliditie. Say, 


22. *4 +» 7, Orc 1 «» 019795775 : 5; Pq=L.. ſolidit, 


In a Sphare. 


13 The Axis, or Diameter ef a Sphere be- : 
ing given, ts finde the Superficies. Say, : 
7 + 22, Or 1 . 311476 ;. : Dq « Superficics: j 
14. The Superficies of 4 Sphere being gi- Ho 
wen, to finde the Axis. Say, | He 
22 5 7, Or 1 , 081937 2: ; Superfic . Dq . 
15 The Segment of 4 Sphere being given, 
10 finde the Superticies, Say, c 
- FER: Q: chord £0 C 
7 +22, Or x , 3114215; : of IScems .Syperfic ; : 


26 The 
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16 The Axis, or Diameter of a Sphere 


being ginen, to finde the Solidiric. 
SA), 


7*6 «» 22,  # op O52 36 F Dc « Soliditic . 


Co ] Example, A Sphzre is giacn, whereof the Axis is 1 2, 
| T would know the toldity of it. Say, 


I « C8336 ::; 1728 (Dc) . 5grr?98 
17 TheSoliditic of 4 Sphere being ginen, 
fo finde the Axis, Say, 


22 . 7:6, Or 1 . 1199986 :: Soliditie . Dc « 


Example. A Sphzre is glue” , the Solidity whereof is 
59015208, I would know the Axisthereof. Say, 


I . 1190936 ;: 5904298 , 1728 (Dc) . 


18 4 Segment of a Sphere being ginen to 
 finae the Soliditie, Say, 


Firſt. es the altitude of the other Segment, us tothe alti- 
tude of the Segment ginesn : [015 that altun4e of the other Seg- 
ment increaſed by halfe the Ax1,vmo a fourth, | hen againe 
ſay, As 7*3 #51022, Oras 1441010472 3 ſo wihe produtt of 
the quaarat of halſe the chord of the Periferia of that Segment, 
mwlriplica by that fonrth, to the Solidttie, Viz. 


©: * chorde 
in quartan 
19 For note that a Sphzre, is equall to two 
Cones, having their height and the diameter of 
rheir baſe, the ſame withthe Axis of the Sphzre. 
Or which isall one, A Sphere is two third parts, 
of a Cylinder, having the height andthe diameter 
of the baſe the ſame with the Axis of thc Sphzre. 
& CHAP, 


J"3 . 22, Orn. 112472 8 - Solidit. 


7; laine Meaſures. 


Cnare, VIII. 


Concernirg Plaine, and Solzds Meaſures, 


2 He dividing of the Carpenters rmler into 
N inches, .and hal'e, and quarters, and 
df balte quaitcrs ©. Inches, chat is cf e- 
£5 very Inch 1vto cighr paits, is moſt 
D inartificiall, and vntic fer meaturing by 
ITLIDP reaionof the manifuld cen minations, 
which muſt be brought into one, and is hard to bee done 


of them thar are vnsk11iull. 1 would wiſh therefore that. 


euery Inch were dinided int'/ I6 parts , or rather that 
the foot were diuided into 100 parts,which is beſt ot all: 
for thea there will necce no reduction. Anz all other di- 
viſions enuſt bee reduced vnto this, by th.ſc Rules 
following. 

2. It the meaſures be taken-vpon a Ruler diuided into 
Inches and teath parts of an Inch, firſt rake our all the 
whole feer, and then diuide the Inches remaining, witch 
their decimall parts 1t there be any by 1 2. 

Example. How many fect and decimall parts of a foot, 
are 11 Inches 2713_7 

Firſt take our the whole foot which is 12 Inches, and 
there will remaine Inches 5,3_ : which being dwwided by 
I 2, you ſhail haye 4.43 thouſand parts aimoſt : wherefore 
Inches 1713, 1$tect 11442 —— +. And contrariwiſe, 
feet 1j442 — , ſhall be re<uced into Inches 171 , be- 
ng multiplied by 12. 

2. If the meaſure beetakenvpon a Ruler dinided into 
inches and balte quarter», thatis cach inch into 8 parts, 
Firſt you muſt reduce tne cight parts into decimals of 
Inches, by dividing the number of parts given by 8the 


Dcnomiyator thercot 3. and afterward by the former 
| Rule, 
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Parrtl. Plaine Meaſures, 


Rue, reduce the inches, and decimall parts, into acct- 
mall parts of a foot. 

Example, How many feet, and decimal! parts of a 
foot, are 1n 7 inches, and 5 eight parts ? 

Firſt digide the 5 eight parts by 8, and you ſhall hane 
625 chouſand parts: which being pur to 7 inches, will 
make inches 71525; Again diuide thele by 12,45 was thew- 
ed in the former rule:and thew hole ajezſure will be feere 
01535 « Ani contrariwile fect 01535 , will be reduced in- 
to inches 71925, being mulciplied by 12. 

4. I muſt aduiſe all chole that have occaſion, tormea- 
ſure Plaines, cr Solids, to make themielut $ very perfect 
in this kind of RedaRtion (becauſe moſt Ralersthey thail 
ordinarily meer withal!, are dunded into inches, and 
halte quarters) which will be very eaſie torhemy, it they 
doe but remem>er, that /v aius/or the firſt terme of the 
proprrtion implyed, ts the Diniſoy it ſelfe : but in Mulreplie 
catzon, the firſt ternse is enermore 1, as hath beene ſhe wed 
in Chap: 2, Set: 7. Ani therefore, prefuming on the 
diligence of the Practiſer herein, I ſhall not neede in this 
kind of aicaſuring, to ſpeakeany more of inches, but of 
feet and decimall parts of teer, as if the Ruler yyere fo 
diuided. 


Of Tlaine meaſures. 


5. AParallelegram, or foure ſided reQ- 
angle Superficies, being propoled, 
to find the /ength of 4 Superficial 

[oote. 


Take with'yoor Ruler the breadch thereof in feet,atid 
decimals of a foor':; and by the: breadth fo raken diuide 
1. the quoticnt (hall be the lengrh ef a ſuperficiall toot, 

Example. A boord 1s tect 1117 broad, how muc 
thereof will make a foot ? 

G 2 Diaide 
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Plaine Meaſures Part + 


Divide 1 by 1177» the quotient will bee 0855 almoſt: 
ſo much thall the lcngth of a foot be, whici; maltiplying 
the parts by 12, wiil give inches 1425 « And againe 
thoſe parts multiplied by 8, will giue 2 cight parts of an 
inch. 


Example, IT. In tileing, or healing they vſe to rec- 
kon by the Square, which is ro foot euery way, in al! 
100 tcet. There is roofe, feet 161*5 broad, how much 
thereof mak. th a Square? 


Diuide 100 by 16125 the quotient will bee 61! 44 al- 
moft : ſo mnci; ſhall be the length of one ſquare ; which 
mulciplying the parts by 12, will be 6 feet, and inch-s 
113848 — almoſt. And againe thoſe parts multiplicd by 8, 
will giuc ſomewhat more then 6 cight parts of an inch. 


Example, IIT : In pauing they vie to reckon by the 
yard, which is 3 feet cucry way, inall 9 feet. There is 
a roometo bee paued, which is feet 19135 broad ; how 
much thcreot makethayard? 

Diuide 9 by 1713s, the quotient will be 519 almoſt, 
the lcny,th of one yard. 


6. A fower (ided relangle Super ficies,' 
with all the eppoſete ſides parallel 
being propoſed, to find the con- 
tent. 


T: ke with your Ruler both the breadth and Jength 
of, and multiply the once number into the other. 


Exemple, A board is feet 11!7 broad, and feet 16132 
long : how many fcet doth ir cma1nc 1n all ? 


Multiply 6132 by 1p7 the product will be feete 1911 
almoſt : the whole quantity of that board. 
Example, 11. A ccrtaing baractule&,harh the __—_ 


% Q A 


Plune Meaſures, 


ParTl. 


of the roofe fcet, 1625, and the length of the barne 18 
fcet 47, how many (quares of tiling hath it ? 

Double the lengtn (:hat you may haue both ſides of 
the roofc) and it will be 94, which being multiplie by 
16/:5, will giue feet 15 2715_ - Againe diuide thoſe feete 
by 100,ſo ſhall you haue 1quares 15925 . 


Example. JIT, A certaine hall paned hath the breadth 
feet 17135, and the length feet 301 _ , How many yards 
doth it containe ? 

Multiply 17135 by 3015 , theprodutt will be feet 229 
175 . Diuide thele by g and the quotient wiil bee yards 
5 81727 « 


7. A fower ſided Super ficies with the two 
ſtaes- of Thngth oncly parallel being 
proPoſed, to find the content there- 
of. 


Take with your Ruler the length of the two parallel 
fides rhereof : adde both thoſe numbers together, mul- 
tip!y halfe that iumme, by rhe breadth of the Superficics 
tzken the n.areſt way over, and the produt will bee the 
conrent thereof. 


Exrmple, A Traprainm, or tower (ided figure is pro- 
poſed, hauing rwo 1i./e>thereof parallell, che length of 
the !o7ger parallel fide is fecte 18175 and the length of 
the ſhoreer fide 18 feete 1414* , the breadch thereof being 
taken he nearcſt way over 15 feete 1215, I would know 
how many feete arc contained in the whole Superticies ? 


Fhe length of. the parallell files re feet 18175 , and 
14115, which ad ied together make 33 1-_, h:Fe whereof 
is 1615 , which mulaplicd by the brea-ith 1 25_ the pro- 
duct wil oc 2c 7t5_, fo many feet are contained inthe tu- 


per ficies of the lrapezium propuled, 
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' 8. A tower ſided Superficies which hath none 
of the ſides parall:1, as alſo euery plaine figure of 
more ſides the fower being propoſed , muii with 
Diagoniall lines bee divided into triangles. And 
aote that every ſuch figure containeth ſv many rri- 
angles as it hath fides, abating rwo out of the 
number. Then thoſe triangles are to be meaſured 
ſeuerally as followeth. | 


9 To find the content, or Area of 4 
Triangle, 


Take the perpendicular height, or necreſt diſtance bes» 
tweene the bate or knowne fice, and the angle oppoſite : 
an by that hcight multiply halfe the baſc, or multiply 
the whole baſe by halfe that perpendicular beight : and 
the produd ſhail be the conrenr, of that Triangle. 


But if it be an Zquilater triangle : ſay, 
1000 . 433P!27 :: theſide of the triavgle. Area; 


zo, To find the cement of a ſegment of 
a Circle, whereof the Periferia is 
given indegrees and derimal parts, 


Firſt ſay, As 100000, is to 1745132925: : fo is the 
Arch in degrees, tothe Arch in the d1wu:fions of the 
Radins. keepe this number found, 


Againe by the 6 Se : 1 chap : findour the rrwe /inme 
of the Arch given, Then take the diff-rcnce of thee 
two numbcrs found, by ſabdufting the Sins out of the 
Arch. Andlaſtly multiply halfe that difterence by the 
Radius 1000.0, the product ſhall be the cument of that 
{cgment. 
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ParT I. 
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gr The chord ofany arch, t2gether with 
the Radius, or ſemidiameter of the 
whole c1cle being giuen , to finde out 
the Archir ſclte. Say, 


At the Radins gines , is 10 balfe the cherd (reckoned in 
the fourth circlc) /o 55 100000, 70 the ſinns of halfe the arch 
(co be reckoned in the fu ſt, or eighth circle), W herfore 
double the arch found , and fo haue you the arch of the 
chord propoſed. 


12 To finde a Quadrat, or Square equal! 


to a ſuperficies zinen, 


Firſt, ſeeke out (18 hath beene taught) the content of 
that tuperficics : then cake the quadrat roote thereof by 
Chep. Fo Seft.4. 


Of Solid meaſures. 


23 tna Columne, or Cylinder , having 
the biſe,ts finde how much of it ma- 
kerh atoorlolid, . 


© By a (olamme | meanea (clid body arifing from a plaine 
baſe, the avgi:larlines whercst are paralieli, and cquall ; 
and if rhe angular lines make right angles with the bate, 
it is a right Columne, and the length 1s the height there» 
of: but if chey make oblique angles, it is an O&/que (@= 
tumne and thelengch is not the h-1ght, but the hetght :$ 
a p. rpend:cular line let downe trom the top of the +. 0+ 
kunye vato the baſe, cxcended if neede bee: as nn ihe 
| | Duagramcs- 


| Of Soled Meaſures. 


Diagrame , the Solid avcps ron, 
is an Oblique (olunmne, becaulc the 
. angular line EB , ſtan:ieth oblique- 
ly vpon the fide of the baſe Ba, 
and indeede yvpon the baſe it 
ſelfe. Wherefore the heighr of it 
ſhall be equall tothe line xe , ler 
fall from the top vnto the bale cx- 
tended. 


And after this manner alſo a Cylinder, and a Pyramid w 
anda Cone is eſteemed cither rsg/t , or ob/ique, and the 
height taken accordingly. 


Firſt therefore the baſe is to be found, of what faſhi- 
on toeucr it is, as hathcuen now beene ſhewed, cither in 
this Chapter, or inthe liſt before: and then dtuide x by 
that ſame baſe : the quotient ſhall bee, the beight of a 
Section thereof, which is equall ro one foot ſold. 


Example, A Coluinne,or pecce of tymber,whoſe ſides 
arcall parailcl, bath the breadth feete 175, and the thick- 
neflc thereof is feet 125 : which multiplied together the 
product will be 2875. Diuide theretore x, by 2,875 + 
and the quotient ſhall be 0,457143 almoſt. And ſo much is 
the height of a ſolid foot, ot that peece of timber. 


14 Haning the Baſe, and the height of a 


Columne, or Cylinder , 70 finde 
the whole content, 


Mulciply the baſe intothe height, and the produd ſhall 
be the content. 


Example, A Columne hath the baſe feet 21875, and the 


height ; hereof is feet 17124, how many feet are contained 
iv the whole ? 


Multip!, 
ultipl, 


paw 159 
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| Multiply the baſe 2,875, by 17,24 and the produt will 
be 361986875, ſo many ſolid feet arecontained in that.Co- 
lumne. 

And in this very manner may you finde the content of 
a Cylinder, hauing either the diameter, or circumference 
giuen, together with the height. 


15 To meaſure tapering timber, the 
baſe , or baſes thereof, together 
with the height being ginen, 


A Tapering peece of timber , according as the baſe 
thereof is rightlined, or circalar, is either a Pyramid: or 
a Cone,or cilc a ſegment of one of theſe two: If it be a com- 
pleat Pyramide,or Cone,it hath but one baſe,Multiply that 
baſe by 5 of the hcight, aad the produtt ſhail be the con» 
tent. 

Butif it bethe ſegment of a Pyramide, or Cone , Firſt 
fizde out the baſes at both the ends, and multiply the one 
by the other, and out of the produdt thereof extract the 
NJaadrat root : then adde together both the baſes, 3nd that 
quadrat reot, and multiply the Aggregate thereof by x of 
the height, the produ ſhall be che content. 

Example. There is a tapering peece of timber,the height 
whereof 1s feer 12S , and the breadth of the baſe at rhe 
greater end is fect 1175,and the thicknes is feet 1132,which 
multiplied together, the produRt will be feer 2,3! tor the 
greater baſe : the breadth of the bale at the leficr end is 
teer 1:2 , and thethickneſſe there, is feere 0,97, which 
multiplied together,the product will be feet 1:<*2 foc the 
lefſcr baſe» Multiply the baſes togethery the p: 0:/uct will 
be 2.53252, the quadrar root whercof 1« 11588 almoſt, to 
which it you adde the ſummes of both the baſes, the ag- 
gregate will be 4,99 , which being multiplied by ; of the 
herght, /cil. 4:2 , the produ@ will be fect 20,953,the con- 


tent of the peece of timber. 


16 Where« 
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16 . W herforethat vulgar manner which (arpenters vic 
in meaſuring of tapering timber,is not true:tur 1f a peece 
of timber be tapering, they meatiure it in the very midle, 


and take the bale, or Section there, multiplying it by the 


wholelength, Which their manner of working, Ilay, is 
Crroneous. 

For firſt by praiſe a content will be giuen , cuer lcſſe 
then the true content found according to the former Sect: 
which way of working is intallibly true, as is Araliticaty 
demonſtrated,in my Clanis mathematica, Cha. 20,SeR-15. 

And ſceondly Ifay , that the product of that middle 
baſe, or Section, multiplied by the length , ſhall beelcfle 
then the true content, by foure Pytamides, hauyng for 
their baſcs, a reQangle vnder halfr the difcrence of the 
thickneſſc at the ends , and a quarter of the difference of 
the breadths: andareas long as halte the pecce of timber: 
Or which 1s all one , by a Parallelepipedon , vnder halfe 
the differences of the breadthes, and thickn«fes, at both 
nds, anda third part of the whole length. 
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Which that T may ſhew, ſappoſe one quarter of a ta; 
pering peece of timber gluen,ſawed in ſunder,at halfe the 
breadth, and halfe the thickneſſe be FBCDGFEH: the 
midle Section is /X Ld. Meaſure vpon the greater baſe 
BN, and CO, equallto AF, and BY, and NZ, equall to 
FE. Diuide CT, and DO in the miſt, in thepoints X, 
aud Q , and dray the lines P,2., NO parallel co BC, 

. and 


Parr l. of Solid Meaſures 51 


| ry — 
s * 


and 7Z, SX parailel to BG. Mcaſure alto FER,equall to 


6 GS,or KL. And fo the Parailelegram BPTX, {hall be 
| cquall to the middle Seftion IR LA. Laſtly, draw the 
. lines LO, LY, LZ, and KP, KN, and 4X, MY. 

K I ſay that inthis one quarter cf the peece of timber, A 
ſolid hauing the baſes equall ro /X £1, and the length 
X AB (whichisthe viuall mealuring of Carpenters) is leſſe 
- then the true content,by the Pyramide DSYOL,in which 
» DO, or SV, is halfe the difference of thicknes,and DS, or 
- VO , one quarter of the dificrence of breadths in both 
- ends: and the height of it equall to halfe the length. 

p, For the two lolides AFEAIKLM, BNZYTIKLM, 
bs are apparantly equail , againe the two folide wedges 


| GSTPKL, PTY NKL are cquall, and alſo the two ſolide 

6 | wedges OCXVLM, VXAYZLM areequall. Now if you 

' turne ouer the wedge GSTPKEL, vnto the lefſer part 

| AFEHIKLM, it will ouer-reach 1n thicknefle, art the 

h | lxflereadthequantity of ER, and if you alſo turne ouer 

| the wedge OCXYLM, vnto the lefler part, you ſhall find 

it to fillvp the former ouer-reaching, and to make an cx- 

ad Parallelepipedon, the baſes or ends whereof are equall 

to the middle Section XK L M . but ouer and aboue thoſe 

' twowedges turned ouer, you ſhall haucleft the Pyra- 
' mide DSYOL, which wasto be proued, 

And inlike manner if a round tapering ſolide,or peece 

h of timber, be mncaſured by the middle SeRion, or circular 

| ' bale, I fay, Thatthe product thereof multiplied by the 

length, ſhall be lefle then the true content, by a Cylinder, 

the diameter of whoſe baſe , is c£quall to halte the diffe- 

rence of the diameters of the two bales: and the leugth is 

one third part of the whole length. 
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CH-AP. IX, 


Concernin the Meaſurine, or Gauging 
*" of Veit. 


4 Wine, or Beere vefſell , whether Pipe, 


1 0GY | 
$Z2/\N28 Hoglhca?', Barrell, Kilderkin, or Firkin, 
SS AXES) and {uch like, is in forme ot a Spheroides, 


. bauing the twoends equally cur off ; and 
Gamianzs ccordingly may be meaſured thus. 


Meaſure the two diameters of the Veſſell, in 
inches, or elſe in tenth parts ofa foote, the one at 
the bung hole, the othcratthe head, and alſo rhe 
length within. And by the diameters found, finde 
out the circles, rhen adde together twothird parts, 
of the greater circle, and one third part of the leſſe: 
Laſtly , multiply the aggregate by the length: ſo 
ſhall you haue the content of the Veſlell, either in 
Cubic inches, or cubic tenth parts of afoot. 

Example, Suppoſe a veſſcll, having the Diameter at the 
. bung 3 2 inches, and at the head 18 inches, and the l:ngth 


40 inches. The quadrat of 32 is 1024. and the. quadrat 
of 1$ is 324 : Say then eucrmore, 


I: . 0jf236:; T0234 « 536,66, 5 the citcle atthe bung, 


r'. 026'8 ;: 324 « 84823 , x circle at the head. 


Or elſe by Chap. 7, Sect. 4. 

The aggregate of thoſe two circles is 620,989, which 
being multiplicd by 40, the length giueth 248 39,55 cubic 
inches for the whole content of that veſlcll, 


M: Ga, 
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Pagrl, Of Fefſels. 


2 Mr. Edm: Gwmer in his ſecond booke of the Croſſe 
StztF., Chap. 4- pretending to ſhew the manner of gau- 
ging W ine veſſels, beginneth with theſe words. 


« The Yc/ſels which are hecre meaſured, are ſupps(cd to hee Cylin- 
« ders,0r reduced intg Cylinders by raking the mere, betweene the Di- 
« ameter at the hee, and the Diameter atthe boungue, after the uſual! 
ht 71 11/11. 


And according tothis ſappoſition, teacheth to finde a 
Gage posnt, for a gallon of wine, in that his imagined 
Cylmariacall veſſel, | 


Becauſe his words arc cautelous, and ſubterfogious, 
wee muſt alittle examine them; for if his way bee truc, 
my Rule before ſect downe, though grounded ypoun de- 
mcnſtraticn, cannot ſtand. 

Well then, that reduction of a wine VeRicll into a Cy+ 
linder, iseither truc, or falſe ; if it bee true what neede 
thoſe ambiguities of Ye/tls which are here meaſured : and 
ere ſuppoſed to be, &. and after the vſuall manner ? If falſe why 
is it not noced, but deliuered as a Rule ro confirme an er- 
ror. And what meaneth, the meane betweene the Diame- 
ter at the head, andthe Diameter at the boungue? is itthe 
meane Geometricall, or Arithmeticall, that is the meane pro- 
portionall, or that Which equally diff:reth from both ? ſuch 
ſhifting is vawortby an Artiſt. 

Firſt therefore, Let itbe the meane in reſpet of difference, 
which is equall to haffe the ſumme of the two Diamerers : 
 fay thatthe Veſſcll cannot trucly be reduced toa Cy/in- 
der by ſuch a meane Diameter, For (ccing it is moſt ap- 
parent that ſucha Veſlell, is greater in the middle then ar 
the ends, the boords, or ſides thereof, ſhall from the 
middle to the ends ,-goe cither ſtreight, and fo the Velel 
ſhall be as it were,two equall ſegments of Cones, ſet baſe 
to baſe: Orelſe arching, and ſo the Veſlcl ſhall (as be- 
fore Ifayd, and is commonly taken for a truth) bee a 
Spheroides, hauing thetwo cnd yg Cut of. bY 

3 


cm 
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If it be cenſidered as two ſegments of Cones: the 
meaſure by that #2eave Diameter,or midle Scion is quite 
falſe,as hath beene demonſtrated 1n the former Chapter, 


Sea: 16,17. and will be giuen lefle then the true con- 


tent, although the ſizes goe {traight: much more then, if 
the lides goe arching; tor that conuexneſſe, muſt needs 
yeeld a greater capacity. And therefore in neither can 
that manner of Gauging be true, 


Againe, if the weane Diameter be vnderſtood to be the 
meane proportionall betweene the two Diameters, it is much 
more fal{e,for betweene any rwo numbers, the meave Ge- 
omxtricall islefle then the mane Arithmeticall, 


Thus much Ih aue thought good in this place ingenu- 
ouſly to ſignifieto the inexpert Learner, that hee might 
not beguile himſelfe witha prejudged opinion. 


3. I hauc ſhewed che meaſuring of veſſels by the enbis 
vc; but our vſuall reckoning is by the Galon,and parts 
thercof, Wee muſt therefore dec the beſt we can, to -in- 
quire the tae quantitie of a Gallen in inch meaſure, which 
will bee dirfcult to doe exatly, both becauſe the Stax- 
dards v(ually are not ſtreight ſided, bur a little arching, 
neither doe they agree perfealy one with another : bur 
what partly by experience, both mine owne, and others, 
which hath come to my fight ; and partly by reaſoning 
ſhall ſeeme to me moſt probable, I will not refuſeto ſer 
downe. 


4. Our Engli/h Gallen is vnderſtood to bee either in 
eAle meaſnre, or Wwe meaſure : and theſe two meaſures 
not a little differing. And firſt we will inquire about our 
Ale meaſtre. 


Imy ſelfe have meaſured Buſhels, and Pecks, which 

haue cxaRly beene fitred to the Srandards, and haue ſtill 
in my account found « Gallo to containe bettey then 270 
'_ eubie 
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eubic inches , indeed much about 272, or 273 as pre- 
ciſely as I could meaſure in a veflell nor trucly regular, 
Alio my worthy friend Mafter William T Wine, who hath 
vndergone great paines and charge, in finding out the 
true content of our Engliſy meaſures, gaue vato metwo ſe- 
verall meaſures of an A/c-gallon, and thoſe in due conſide- 
ration bur little differing» The one was found out by a 
braflen veſſell made in manner of a Parallclepipedon, the 
baſe whereof was cxaQly fixe inches ſquare,and the ſides 
diuided into inches and twentieth parts: into which 
vef{<1l be powring out a ſtandard Galton of 2 ucene Eliza- 
beth, falled with water, found ittherein to atiic vnto 7 in= 
ches, and 6 tenth parts : which being computed makerh 
cubic inches 273.5. Theother was found by taking 
the dimenſions of that ſtandard Galen, which was made 
in forme of 4,/egment of 4 Cone, but that the ſides were 
2a littlearching : . the. dimenſions were thus; the Diame- 
ter of the top was inches 65_: the Diameter of the 
bottome was inches 513_: and the height of it was in- 
ches 919_: which being caſt vp by Chap: 8, Set: rs, 
will be tound to containe cubic inches 268185 : differing 
fromthe former, only cubic inches 4 } : which difference 
might well ariſe through the carl(tic of the ſides «Theſe 
meaſures he did not only take him(ſclte, but to giue me ſa- 
tisfation,ſhewed me the experience in the ſaid Yee and 
Standerd: but the truth is, I obſerued the Srardard, be- 
ſides the arching of the ſides, to bee not exaRMly circular 
wichin, nor the brimme of an even height, nor the bot- 
tome plaine: and in taking the height of the water in 
the Yeſell, our ſight was not able to eſtimate the aſcent 
thereof ſo precilely, that 2 ſpoonefull of water,more or 
lefſe, could breed any ſenſible difference. 


What therefore ſhall wee doe in this dirhcultie ? in- 
deede looke to the firſt ground, and principle of our Eng- 


liſh meaſuring, from Barley cornes. For the length of 
3 Barley - 
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3 Barlcy cornes takenout of the middlegof the care1s an 
Inch, or Uncia, that is a twelfth part, of a foot. 3 feete 
make a'7ard -:and I 6 feet and an halfe, that is 5 yards and 
an halte, a Perch, with which wee meaſure our land ; for 
40 perches is a Furlexg, and 2 furlongs an Engliſh mile < 
and againe 40 ſquare perches is a Roogland, 4 roodland 
make an Acre. So then aPerch which is feet 165, or 
yards5 1 is as It were the beginning of all land meaſure 
in lengch : and a {quare.Pcrch whichis feete 272 5, is as 
ie.were the beginning of all land meaſure in the ſuperfi- 
Clall content. | 


Now therefore ſecing in Veſſels « gallon 15 as it were tho 
beginning of Veſſell meaſure ( for a Portell is but a dimi» 
natine of it, arid 4q#ar?, the quarter) it 18 not vnlikely 
that our wiſe Anceſtors had ſuch a conſideration alſo ia 
ſolide meaſures, that as a ſquare Perch (the beginning of 
Superficiall land meaſure) did containe 373 ſquare fecte 
and 1quarter ; ſo a Gallon. (the beginning of veſſell mea« 
ſure) ſhould containe 272 Cubic inches and aquarter, 
A'1d the rather ſeeing thar the ancient Geographers, divide 
a foote into 4 Paimes, a palme being z of our inches, as 
3 fecte are a yard, ' Sothat as the fide of a ſquare Perch 


© confiſteth of yards 5 7a Gallon alſo ſhould confiſt, of a 


number of Cubic 1aches the ſquare ſide whereof is 
palmes 5- . 

Wherefore ſauing the exa&t truth when ir ſhall ap= 
peare, and inthe meane time the more probable reaſons 
of other men, I make bold to tender this my conieQure, 
to the cenſures of more diligent Inquirers, T bat the 
weaſure of an Engliſs Ale gallon ſhould be a [quare Veſſel of 
ench 167, or Palmes 5 ©; every Way, and 1 #nch deepe : that 
is 272125 Cubic inches. 


5. And this my opinion may pera”ucnture receir.e 
ſome confirmation by the inquiry of an Engiz/o Wine 
Galon, 
laſjtey 
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M. Henry Briggs that learncd Geometrician, and my 
very louing friend, made an experiment, with a Cubicall 
veſſell, which was 12 inches euery way , which hauing 
filed with water carefully meaſured, found it to-.containe 
7 gallons and an halte wanting « »99mext , as hee him(clfe 
long ſince, being then ot Greſham Colleage,fignified to me. 
Now if it had contained exactly 7 gallons, and an halfe, a 
Wine gallon ſhould haue beene 2304 cubic inches, but be- 
cau{e it vjanted alittle, the gallon muſt be ſomewhat big- 
ger, for which moment therefore if you will put 6 hun- 
dred parts of an inch, the Wine gation ſhall containe 231 
cubic mches, 


Againe M. Gwnter in the place before mentioned ſhew- 
eth, that the common opinion 1s that at London, a Cylin- 
driacall veſſell, whole diameter is 38 inches, and length 
66 inches, doth containe 324 gallons : wherefore by this 
account a gallon ſhould bee 231 cabic inches almoſt ex- 
atly , which in both ſo neerely agreeing, wee may well 
conclude, That a» Engliſh Wine gallon doth containe 271 cu- 
bic inches, 


Tt is alſo commonly recciued , that the reaſon of the 
greatnefſe of an Ale gallon aboue the Wine gation is, that be- 
cauſe of the frothing of the Ale or Beere , the quantity 
becommethleſſe, and therefore ſuch liquors that did not 
{o yeeld froth, as Wine, Oyle, and the like, ſhould in rea- 
ſon haue alefſer meaſure. If then we compare theſe two 
eallons together, we ſhall finde thar 


27225 « 2331 3: IGf « 14. © 
which abatement might to our Anceſtors, in apportio- 
aing thoſe meaſures, ſceme to be reaſonable. 
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6s To finde how many Cubic tenth parts 
ot a footarc in a gallon, botb of Beere, 
and Wine : or alſo in any number of 
Cubic inches. | 


Becauſe there be in a Cubic foote , 1000 Cubic tenth 
parts, and 1728 Cubic inches, ſay, 


1728(C:12) . Ic:00(C: 10) :: 272805, 1579521 — 
eubic tenth parts of a Beere gallon. 
And 1728 (C:13) . 1000 (C: 10) :: 231 . 133;693— 
cabic tenth partsin a Wine gallon, 
Alſo 1728 . 1000 :: 248395 ., 14374,745 
cubic tenth parts,arc in the veſſcll meatufed in Set, "xk 


7 And according to theſe meaſures ſo found , you: 


may eaſily finde the concent of a pine, or quart, or peck, or 
baſocll,which two laſt are to be reckoned in Ate mea/are, 


8 The Content of a Veſlell, 44mg ginen in- 
cubic inches,or#n cubic tenth parts of a 
foot,ts fnde how many gallons it con- 
taineth, 


This is eaſily done if you diuide the content giuen in. 


inches, by 27 2:25 for Ale meaſtre : and by 231, for Wine 


meaſure. But if the content be giuen in decimsll parts of a 
foote diuide it by 1575521 —for Ale meaſure ; and by 


133:5$03 — for Wine micalure. 


Example, How many wine gallons are in a veſſell con. 
taining 248 39:6 cubic inches, or 143741746 cubic tenth 
,parts of a foore. Diuide 2483955 by 231 , or diaide 
14374745 by 133; , and the quotient ſhall be 107,53 
Wine gallons. - | 


" CHaPo 


n- 


_— 


Of Metalls):\. +: 


ei” 25 Fo" A | 
Conteraing the Compariſon of ſavdry Metals, 
 .. /, ., #, quantity. o#4; weight, | ..*; 
FIZ Ffoure pieces of Metals, whereofthethird 
Jo [Ft is of che ſame kinde with the firſt, and 
v the fourth-of the fame kinde-with the 
SJ ſecond, are proporgiomll; their gravi- 
Sx cies &lſe, or weights, {ball be propor- 
-tionall. : 


*; Gold, . © /3990-|Brifſe,/11'. 2890 + 
Arg. Viu, 2850 | Iron; 55 '! 512680 © | 

os Tons i 4054; Teen, FR5G 

Silver. | 2030 | 5: 
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5. To. finde the Weight of 4Sphere of _ 
Tizne, baving the Diameter 1 Inch, 
or eiſe 11entb part. of 4 foot. . 


Take a picce of Tinne, and turne ittexaRitly/in's Tathe, 
Io w: Gliader ; havies "Bt "the! Diarrieters of ics" baſe, 
and a\fovthe lengthequall, w'the Dinfrieter of the Sphzre 
given. - Thanh \ Is Rd that 'you 'may mm 
: $IVIE IH « I t 
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the weight thereof in graines : And laſtly, taketwo third 
parts of the whole-number of graines : for the weight of 
the Sphzre. TE ITY 

After this manner CHarints Gberaldi found a Cylin- 
der of I inch, or twelfth parc of a foor thick and long, 
to weigh 1824 graines : whereof 7 is 1216, the weight 
of a Sphzre of chat thickneſſe, "Do FP)? 


Againe if you ſay, Ne Gr 
1000 ( C:10) . 1728.(C: 12.) * : L316; 216243 
You ſhall have the weight of a Sphzre whoſe Diame- 
ter is one tenth part of a foot,” © WW. 22027 | 
Wherefore allo & Cwbed inch of Tinne weigheth 
232214—, and 4. Cubed temh part of a foote weigheth 
o13;t— - TERROILTT> erneb ily 
y Hom that ar: Ghetalds uſcth the ancient Ro- 
wan four, which by the meaſure ſet downe in his booke 
ſeemeth to be very little lefle, then our uſuall Eng5/> foor, 
ifnot exaQly the tame, ot or 0 
, © Note allo/ that he divideth one pownd, into 12 eaters; and 
every onnce into 24 Scrwples, and every Sernple into 24 
grames: So that an exnce_ with him weigheth 576 praines: 
and « poxnd 6912,. Whereas our Engliſh ponnd 'of Troy 
weight by Afſize, /'or:Geld-faviths'weight ; is bur $760 
graines , and our oxxce 480. But whether the" Raywed, 
gr4ine, be the ſame with our Engi5fh, 1 leave to be tryed 
by the diligent PraQizer. TER F nf 
6 To finde'the Weight of « Sphere of 
T inn, at any ether Diameter aſcigned. 
Mulciply the Cube of the Diameter given by 1216, if 
it be in inch meaſure; or by 210x,248, if the meaſure be 
by decimall parts of a foot : and the produR will be the 
weight of that Sphere, IT | $510 $2881 
And contrariwiſe to finde the Diameter of a Sphzre. of 
Tinne , by the weight given in. graines,'. Divide the 
vieight given ip graines. by 1216 if you: would have: inch 
C meaſure ; 


oy 
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meaſure : or by 21011248 if you would meaſure by deci. 
mall parts of a feor, and the quotient ſhall be the Cube 
of the Diameter. 
. 7. To finde the Weight of a Sphare of 
any Metall, at any Diameter given, 
either in inc6 meaſare, or in decimall 
parts of a foot. 

Firſtby ſe. 6, ſecke the weight of a Sphzre of Tinne; 
atthat Diameter-::then by SeQt. 4+ ſay, As the proportionall 
number of Tinne, 1s to the proportionall number of that other 
Metall: ſo is the weight of the Sphere of Tinne now fonud, to 
the weight ofthe Sphere propoſed. 

Example. Suppoſe a Sphzre of Iron , whoſe diameter 
is 3 inches: what ſhall be the weight thereof? 

Firft, the weight of a Sphzre of Tinne, of z inches Dia- 
meter, will be found to be 323832 graines. Then fay, 

I534 »- 1680 : : 33832 . 354941954 graines, 
the weight of the Sphzre propoſed. 

$ To finde the Diamerer of « Sphere of any Me- 

r4ll in inch meaſure, or decimall part of a foot, * 
the weight thereof being given. 

- Firſt by the, contrary:of SeR. 6, ſeeke the Cube of the 
Diameter of a Sphzre: of Tinne of that weight, Then by 
SeQ. 4. fay reciprocally. Ar theproportienall number of that 
other Metall, is to the proportionall number of Tinne : ſo ir the 
Cabeof the Diameter now found, to the Cube of the Diame- 
ter of the Sphere propoſed. | 

Example, A Sphzre of Iron weigheth 354941254 grains; 
how many inches is the Diameter thereof ? | 

Firſt, the Cube of the Diameter of a Sphzre of Tinne 
of 35494254 graines weight , will be 29118910695, then 
lay, reciprocally, 

I680 , L554 : 3 29,35910695 , 27— 

The Cabic root whereof is 3, the Diameter of a 
Sphzre of Icon of that weight propoſed. | 
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Ordering of Soulllitrs. Parr'l- 
Concerning the 0rd&tny of Soutdters , in dny 
kinde of rettanigulat forme of battaile, 


x FZEEW7S Attailes are conſideted either in reſpeR of 

2) [8)}2 "the nutaber of \men; dr in reſpeRof the 
= > DI IT forme'ofgronad, Ar «ſquare battasle: of 
bs - TJ. "ew isthat Which hath an-equall-number 
' ESS3/AG5 'of nien, both in Rank wad File, though 
the ground on which they ftand,'be looger onthe File, 
then on'the Rimwke. And s ſquare batrable of grownd is that 
which hath the-Ravtike as long as the Fuſe , though' the 
men-in'Ravke be more thenin File, 

2. In reſpe& of the number. of men, it is called either 
a ſquare battaile,or a double battaile,or u battasle of tha grand 


fron, which. is quadruple, or « battaile of ayy proportion, of 


the number in Rayke, 10 the number in File, 

2. IF it be « ſquare battaile of men : Extratthe qua- 
drat root out of the whole camber 'of men, and; che Sine 
ſhall be che'tiuraber of Souldiers, tobe ſet ina Renkes'- - 

Example. 576 Souldiers are to be martialled in a ſquare 
bartaile, that ſo many may be in Rovke, usin File. .. 

| Take che quadrat root of 576; Which is 24 *:the faitic 


| hall bethe number co be placedin's'Rebke. 


4+ If it be 4 dowble battaile of 'men : ExtraQ the qua- 
drat root out of halfe the number of men, -and the:ſame 
doubled ſhall be the number of Souldiers to be: ſer in a 
Ranke. Oe Tiag 2s -; i 

Example. 1458 Souldiers, are to be placedin a double 
batcale; ſo chat rwiſe ſo raany may be in Keck as or 


_— 
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| Take halfe the given number 1458, which 1s 729, the 
quadrar root whereof is 27 : double itand you ſhall haue- 
5 4 tncn to be placed ina ranke. | 


5. If it be 4 quadruple battaile, which is called of the 
great front : Extract the quadrat root out of one quarter 
of the number of men, an the ſame quadrupled ſhall be 

the number of Souidicrs to be ſet ina ranke. 


Example. 1024 Souldiersare to bee martialled into a 
battaile of the grand from, (o thattower times ſo many tc 
in Yavke as 1n file. 


Take one quarter of 1024 the number given,'which is 
256, the quadrat root whereof is 16: quadrupl: it, and 
you ſhall haue 64 men to beplaced 1n a ranke, 


6. If a bartaile bee required of any other forme, that 
1s, if a Ratio be given, according to which the number 
of menin Ranke, ſhall beto the number in file. Multiply 
the two termes of the Rativ given : Then ſay As the pro- 
df} i to the quadrat of the terme Which is for the yanke, or 
As the terme whsch # for the file, is to the terme Which us for 
the ranke : ſo is the whole number of Soulaiers, to the quaarat 
of the number,of men to be placedin a ranke. 


Example. 1944 Souldiers, arc to be martialled ſo, that 
thenumber of rhe ranke, be to the number of the file,as 
$ynto 3, thatisfor & men in ranke, 3 aretobe {ct in file. 


Firſt multiply the two termes of the Ratio Sand 3, 
the product whereof is 34, —_—_— 8, the terme of 
the ranke, wkich will be 64. LI hen ay, 


3. 8 :3 1944 » Fl84 » 


out of which extr:& the quadrat root 72, and it will 
giuc you the true number of the ranke, 


7. InrcſpeRof the forme of gronnd, the battaile is 
cither 
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either 4 ſquare of ground, or longer once way then the 
other. For the diltance, or order of Souldiers martiajled 
in array, is diſtinguiſhed either into Open order,or Order. 

Open order is when the very centers of thetr places,arc 
diſtant 7 feet aſunder, both in ranke and file, 

Order i when the centers of their places, are diſtant 3 
feet and a halte in ravke,and ſo much infile. Orelſe 3 feet 
and a halfe in ranke, and 7 feet in file: which lalt order, and 
whatſocucr order elſe there is, in which the diſtance of 
the rau#hkes one from another 1s greater, then the diſtance 
of files, cauſeth thar « ſquare of men, maketh not « /quare of 
"voy but the ground is longer on the file then on the 
ranke, 


$ If it be a ſquare battaile of ground , the centers of the 
diſtances being feer 33 inranke, and 7 fect in file. Becauſe 
3: is halfe of 7, the ratio of the diſtances, isas I unto 2. 
And ſccing the number in ranke, ro the number in file, is 
reciprocall to the diſtances , the ratio of the number of 
men inranke, to the number of men in file, ſhall be as 2 
unto 1. And ſo the Rule ſhall be the ſame with that in 
SeR. 6, nzmely, Azsthe terme of the file, us to the terme of the 


ranke ; ſo 14 the Whote number of Sonldiers, to'the true number 
of the rauke. 


Example, 1352 Souldicrs, are to bee ſet in « ſquare of 
grownd, that their diſtances may be feet 3; in ranke, and 5 
teetin file. 


The Ratio of the ra»keto the file, ſhall reciprocally be, 
as 7to3!, that isas2 to I. Say therefore 
T ' + 3 7 00h 2306s 
the quadrat roote whereof 521s the number of men to be 
ſetin a1anke. 


9 If abattaile wherein thediftance in ranke is vnequall 
tothatin file , be longer one way then the other , accor- 
ding 
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dingtoany Ratio giuen : there 1s to be conſidered a dons 
ble ratio, one rectproca'l in reſpect of the diſtances, the 
other according to the forme of the ground. W herefore 
to finde the Ratio of menin rank, to the men in file, Mul- 
tiply the two termes of the ranke, for the ranke, and the 
two termes of the file, for the file. And then the Rule 
ſhall bee the ſame wich thar in Se. 6, namely, As the 
terme of the file, 15 to the terme of the ranke : [0 1 the number 
of Soulaters, to the quaarat of the true number of the ranke, 


Exampl:. 10290 (ouldiers, are to be ſet in a battaile, 
ſo that they may ſtand onely 3 feet aſunder in ranke, 8nd 
7 feet in file , ind the length of the ground for the ranke, 
to the Izngth of the ground for the file, thall haue the ra- 
tio of 5 vnto 2. 


Firſt in reſpect of the diſtances, the Ratio of Rank ts 
file, reciprocally isas 7 vnto3. Secondly, in reſpet of 
the ground, the ratio of rank, to file, isas 5 to 2. W here- 
fore by multiplication of like termes, the true ratio of 
rank to file ſhall be 7»5 to 3*3, thatis as 35 to 6. Say 
therefore 


6 » 35 :: I0390 ©» 60035 


the quadrat root whereof is 245 , the number of men to 
be ſer in ranke. | 


10 If zoos Souldiers , may be lodged in a ſquare, of 
300 fecte , how many feete muſt the ſide of a ſquare be, 
which will ſerueto lodge 5000 ? Say, 


I000 ..5000 :: Z00r300 » 450000, 


the quadrat roote whereof 67x — is the ſquare ſide 
ſought for. | 


And this is the order for reſolution of all other queſti- 
8s of this fort. 


K | Cuay. 
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A colleftion of the moſt neceſſarte 
Aftronomicall operations, 


- Efore wee deliver the Rules of ſach 


2 toſet downe certaine Reawttions,wher« 
;, of we may haue frequent vic. 


"u Toreduce [exageſime parts into decimals, 
Diuide the lex3gefimes giuen by 60. 


Example, How many decimals are 34 , 12"? 


Here are required two reduQtions, firſt of the ſeconds 
into decimals of minutes: then of the minutes with their 
decimals, inte decimals of degrees,. Thus 


to - 2 3: an 


Againe 
bo T7 288 - w 


Whcrefore 34, 12” are equall to 0:57 of a degree. 


02 


And contrariwiſe to redace decimall parts of degrees gu 
ſexageſimes. Multiply the decimall part giuen by 60, 


Example, How many ſexageſime parts are 057” ? 
x ». WW 31 0157? . 34: 


| Apgaine : 
T - WT £1 O12 * 12 


To reduce boures into degrees, Multiply the houres wich 
their decimall parts by 15. 


Example 


operations, it will not be inconuenient,. | 


| Une M—_ — Ar 


is 
IC 
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Example, vw many degrees are 8H0, 3,” 12" ;that is 
by the former reduction 8.570 2 thus 


T . 15 3:3 8157 « 128,55 


Wherefore Houres 8, 34) 12” due containe 138,59 
degrees. 


And contrariwiſe ts reduce degrees into honres, Diuide 
the degrees with their decimall parts by 1 5. 


Example, How many houres are in degrees 128155? 
Is « I :: 1285 . 8657 


2 Itis to be vnderſtood , that if foure numbers are 
proportionall, their Order may be ſo tranſpoſed,that each 
of thoſe termes, may bee the 13ſt in proportion. In this 
manner , 


I. As thefirftis to the ſecond; ſois thethird 


to the fourth, 

IT. As thethird is to the fourth, ſois the firſt ts 
the ſecond, | 

III. As the ſecond isto the firſt ; ſo is the fourth 
to the thi:d. 


III. Asthe fourth is to the third ſois the ſecond 
F\ tothe firſt, 

W herfore cuery proportion doth implicitly containe 
fours Orders, twodeicending, and two aicendiny, is may 
be ieene by their combinatiuns : By one of Which orders, 
if of foure proportionall numvers,any three be giuen,chat 
ether which is yaknowae, may be found out. 
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Example, To finde out any of thele, 


declination, 
© £2 istothe Sincof the compl. of his altitude ; 
S 3 So is the Sine of the Swnnes Azwmith from 


; 1 Asthe Sinc of the complement of the ſur; 


& the meridian, 
4 to the Sinc of the borary diſtance from the 


Ter 141478, 


If the firſt. ſecond,and third termes be giuen,the fourth 
ſhall be found out by the 7 order. 


If the fi, third, and fourth termes be giuen, the ſe« 
cond ſhall be fornd out by the 17 order, 


If the firſt, ſecond, and fourth termes bee giuen, the 
third ſhall be found out by the 117 order. 


If the ſecond, third, .and fourthtermes be ginen, the 
firſt ſhall be found out by the 1777 order, 


3- To finde out any one of theſe. 


: Asthe Radars, or totall Sine 
\- isrothe Sine of the d5/fance, or longitude of 
che Sumne in the Ecliptic, from the next. 
| Aquinocial point : 
5 So is the Sine of the Swnnes preateſt decli- 


termes 


nation(which is the angle ot the Eclipric 
with the £Aquinotial), 
.*4 To the Sine of the Swwres deolination in - 
thatlongitude. 


4..To 


he 


he 


S-2 
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4. To finde out any one of theſe, 


: As the Reding, 

2 istothe Sine of the Swwnes right aſcenſion, 
from the next zquinotiall point ; 

3 So is the tangent of the Swnnes greateff dre 


termes 


clination, 
4 to the tangent of the Swwwes deciination in 
that place. 


5» To finde out any one of theſe. 


r Asthe Radius 

» 23 1s tothe Sine of the compl. of the Sunnes 
greateſt declination : 

3 So is the tangent of the longitnde of the 


terme 


|  Samnefrim the next zquinoQiall points 
4 to the tangent of the Rght aſcenſion of the 
Swnxe, from thee ſame zquinoRial point. 


6. To finde out any one of theſe. 


c 1 Agsthe Radins 
2 2 is tothe Sine of the compl. of the longitude 


” of the Sunne from the nx: xquinotiall 
& . point ; 
L (3 So igthe tangent of the Swnnes greateft de- 
clination, 
4 to the tangent of the comyl. of the angle of 


the Ecliptic With the Moridian, 
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_ To finde out any one of theſe. 


: Asthe Radins, 
942 isto the Sine of the Swaner greateſt decti- 
g WALLON : 
= ©3 Sois the Sine of the compl. of the Sunner 
wy right aſcenſion from the next xquinoRual 
point, : 
4 to the Sine of the compl. of the Angle of 
the Ecliptic with the CMeridias, 


$. To finde out any one of theſe. 


1 As the Sine of the compl. of the Poles 
3 height, 

2 isto the Radews x 
3 So isthe Sine of the Swnves declination, 


TErMes 


4 tothe Sine of the Swnnes Amplitude ortins, 
that is the arch of rhe horizon from the 
place of the Sunnes riſing or ſetting to 
the true Eaſt, or Weſt point. 


9. To find out any one of theſe. 


: Asthe Radins, 
2 istothe Sine of the Sunnes greateſt anplie 
tude ortine, which is in the Tropicks 
S 3 So is the Sine of the /onyitude of the Snnne 
from the next zquinotia! point, 
_ "4 tothe Since of the Swans amplitude ortive, 


| [. 
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Or alſo of theſe. 


1 As the Sine of the compl. of the Pole; 
3 height, 
9 (2 is to the Sine ofthe compl. of the Sunxes 
E greateſt declination : 
& £3 Sois the Sine of the Swwes longitude from 
the next zquinodial point, 


4 to the Sine of the Swnnes amplitude ortive. 


10. To finde out any one of theſe. 


1 Asthe Reading, 
L > 32 istothe tangent of the he3ght ofthe Pole, 
SE ©3 Sois the tangent of the Swnnes declination, 
£5 4 tothe Sine of the Swnnes eA/cenfional dife 
ference. 


11. To finde outany one of theſe, 


1 As the Radius 
29 2 is tothe Sine of the height of the Pole : 
E * 3 So isthetangent of the Swnes amplitrde- 
* ortine, 
4 to the tangent of the Swnnes aſcenſionell 
arfference, 


12 To 
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12. To finde out any one of theſe, 


C1 As the Sine of the comp!. of the Sumner 
5. declination, 
2 '2 istothe Radins : 
3 So is che Sine of the. compl. of the Sunxer 
amplitude ortine, 
x 2 to the Sine of the compl. of the Swnxes 
- aſcenſionali difference, 


I3. To finde out any one of theſe, 


FF x Asthe _—_ of the beighr of the pots, 
2 isto the Redir 
3 Soisthe angent af the Suvxes declination, 
552 to the Sine of the Sans borary diffance from 
the Meridian, being due Exft or Weſt. 


14s To finde out any one of theſe. 


7 Asthe Sine of the height of the pole 

2 is to the Radins : 

3 Sois the Sineof the Swwnes declination, 
4 to the Sine of the Swwnes a/titude bring due 


Ef, or Weſt, 


MH 
- 
3 


a 
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15- Tefind out any one of theſe. 


1. As the Rading, 
# ho isto the Sine of the height of the Pole : 
S 2 SoistheSine of the Sunnes declination, 
24 4 tothe Sine of the Swunnes altitude aboxe 
the Horizon at (xe of the { locke. 


16. To find out any oneof theſe. 


1 As the Radins, 
© 2 2 i+ to the Sine of the complement of the 
S* Poles height: 
Z C3 Soisthe tangent of the Swnnes declinari® n, 
by to the tangen: of the Sunnes Azwmih fro my 
the North meridian,at 6 of the Clocke, 


17 The hower of the Sunnes Riſing, and ſetting is found 
out by the eAſcenſionall difference, For if you reduce 
the degrees of the Aſccnſionall diff. rence, into howers,it 
will ſkew you how much the Sunne riſeth, or ſettech be- 


fore, or after 6 a Clock. 


18. The Oblique aſceufion alſo of the Sunne is found 
out by the A/cenſionall diff rence. For if you ſubduRthe 
Sunnes Aſcenlionalldiff:rence, out of the right aſcenſion 
of the Sunne, from the beginning of Aries, for the lixe 
Northerne fignes which are Y., SIS, AN, MM; of if you 
adde it thereto, for the fixe Southerne Signes, which are 
=, m7, W,*, X» you ſhall have the Sunnes oblique af< 


cenſions 


19. The declination of the Sunne, and his Al- 
titude aboue the Horizon at any time, together 
with the hcight of the Pole being giuen, to find 


the bower of the day. Say, 


| 2 As 
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As the Rada, 

is to the Sine of the complement of the Surres 
declination, 

So is the Sine of the compl. of the Poles heighe, 

to 4 fourth number, Keepe it, 


Then o:t of the Sunnes diftznce from the North pole, 
ſrbdut the complement of the Pole; and of that re- 
maines, and the complc ment ot the Sunnes altituce, rake 
both the Swmme,and alio the difference. And lay againe, 


As the foarth before kept, 

i: to the Sine of halfe that ſumme : 

{o 1s the Sine of halfe the difference, 

v»r0 a number which being multiplied 
by the Radius, is cquallte the quadrat, 
of the Sine of halte the Angle of the 
Sunnes horary diflance from the Meridian, 


20, The declination of the Sunne, and his alts- 
zade abouc the Horizon at any time togeth.r 
with the height of the Pole being given, to find 
the Sunnes Azumith, Say, 


As the Radius 

isto the Sineof the compl. of the Swns alrirade, 
So thc Sine of the comp!. of the: Poles hesghr, 
is to 4 fourth, Keepe it, 


— * 
ee. em III Ka 
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Then out of the complement of the Sunnes alti- 
tuJlegſubdud the complement of the Pole; and ot that re- 
maines, and the oiſtance of the Sunne tron: the North 
Pole , take both the Swwne , and allothe asfference: and 


lay againe, 
As 


# 8} ww 


R—_ a. 


ParTl. CAſtronomicall overatrons. 


As tn. 114th before k-pt, 
15to the Sine of Halfe the ſmmrmre : 
So 18 the Sine of hal e the arfference, 
viito 4 number which being multiplied 
by the Ravius, 15 cquill to the quuzdrar of 
the Sine of haifetnc an lc of the Surnes 
hor:z ntall diſFance from the Meriatan, 


21. To find the /en7th of the Crepuſcu» 
lam, or Twilight. 


Betweene the light of the day, an1theHAarken:fſe of 
theni_ht, the i wilight 1s fer by tne wile Creatur z that 
wee here vpon the eartn migh. nor 1a an joſtan!, p.ſſe 
from one extri:am: tnro another. bur by ſliccetliie de- 
Brees. The Twilight is nothing elſe bur the refrattion of 
the Sunnes beames , tn the den/its* of che aire, And Pet. 
Nonnirs to find the levgen of the 1 wiltght, watche.i che 
time after Sunne (et, whin che twilight in the Welt was 
ſhut in, {6 chat no more l:ghc appeared there, thinin any 
otner part of the sky necre the H rizon: chen by one 
of the k.nowen fix: Stars, having tak<nche truc hower 
of thenight, found by many obſcruarions, that at the 
time of ſhutting 1n the Twilight, rhe Sur:ne was vnaer 
the Horizon 18 Tegrees, an4 vniull che Sunne was gone 


ſolow,the Twilignt continued. Say thcretore 
Asthe Radins 
15 to the Sine of the compl, of the Sumner 
declination : 


So che Sine of the compl. of the heigth 
of the P: le, 


# toaſjenth, Keepe lt. 


Then out of the Sunnes &iſtance from the South Pole, 
ſuodu@ the compicmcnt of tac Pole z and of that re- 
LI maine 
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maines,and degrees 62,take both the Summe and alſo the 
difference ; and lay againe, 


As the fonrth kept, 

is to the Sine of halfe the ſumme : 

ſois the Sine of hbalfe the difference, 

to a nmbey which being multiplied 
by the Ragius is equall to the quadrat 
of the Sine of haffe the angle of the 
Swnnes diflance at the enaing of the 7 Wwi- 
tight, from the high Noone next to tt, 


W herefore if out of the whole aygle conuerted 
into howers, you ſubdu& halfe the diurnall arch, orthe 
hower of the Sunnes ſetting, you ſhall haue the true 
length of the (reprſcnlum, or Twilight, 


22+ To find the /ength of the leaft Cre- 
puſculum in the yeare, 


'" The Sunne being in the winter Tropsc maketh the lon- 
geſt Crepuſculum, of the whole winter halfe yeare,and 
from thence, as the dayes increaſe, the Creps/cula doe 
decreaſe vntill they ceme. to bee ſhorteſt, which is in a 
certaineParalle!, betweene that Tropic, and the Aqui- 
noQiall : the declination whereof is thus found out. 


As the tangent of the complement of the Pole, 

is to the Se thereof : 

So is the tangent of 9 degrees, 

to the Sine of the declination of the Parallel, 
in Which the Sunne maketh the ſocrteſt (res 
pxſculum of the Whole jeare, 


23 But 


ParTI. 
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23 But before the Crepyſculam come to bee ſhorteſt, 
there 1s another Paralle}, in which the Crepuſculum is 
quill to that in the Aquinottiall : the declination wher- 
of is thus tound out. 


-As the Radires 

isto the Sine of the altitude 8f the Pole : 

So 18 the Size of 18 degrees 

tothe Sine of declination of the Parallel 
42 Which the S anne maketh the Twiligbt 
equall to that in the Kquinottial. 


24, If an Arch of the Ecliptic, be equall 
to his Right aſcenſion, one end thereof 
beeing knowne, to find out the 
other end, Say, 


As the Sine of the Compl. of the declination 
of the arch ginen, 

is to the Radins : 

ſo is the Sine of the compl. of the greateff 
declination, 

to the Sine of the compl. of the other and, 


25. To find the poynt of one quadrant of the 
Ecliptic, wherein the dsfference of longi- 
tudes ceaſe to be greater, then the differences 
of the right aſcenſions. | 


Maltiply the Sine of the complement of the greateſt 
declination, by the Radius, and out of the product ex- 
tract the quadrat roet : the ſame ſhall bee the Sine of the 
comp'ement of the declination ſought for. 


L 3 26. To 


26, To find the quantitic of the avgles , 
which the crcles of the 12 Homwſes 
make with the IMeridian, Siy 


As the Radires 

is to the Tang. of 60 oegr.for the 11 th, gth,, 5th» 
and third howers, or to the Tang. ot 3o icg- 
for the 12h, £th, 6, and ſecond howtcs; 

ſo is the Sine of the complement of the Pole, 

tv the tang. of the compl, of ary howſe with the 
Cleridian, 


And note that on the Eaſterne part of the vpper hemi- 
{phzre, there are three circles of Howſes, ihe Horoſcope, 
which 1s alſo the korjzon, and n: xt to that is the circle 
of the 12 Howſe, then the circle of the 11h How/e, 
Oa the Weſterne part alſo, are three carcles of Howſes, 
the circle of the 5h Hewſe, which alſo 1s the Horizon, 
and next thereto the circle of the $th How/e, then the cir- 
cle of the g9'® Howſe, Burt the circle of the 10h Huwſe, 5s 
the very vppes CHMeridran tt ſelfe.Contrary Howſes are 1 and 
7,1'2,and8:3andg: 4 and 1o : 5 and 11: 6and 12. 


27. Reſolue the whole time from the Noone laſt 
paſt into degrees (by multiplying the howers with their 
cecimail parts by 1 5,according to Se& * 1) which adde 
vnto rhe right Aſcenſion of the Sunne : and you ſhall 
haue the right aſcenſion of the point of che £qutror in 
the vpper Meridian, which is called the R5g-t 2/cerſion of 
CIMedium cls, 


28. Adde 99 degrees to the Right aſcenſion of ed. 
Cel: and 1t ſhail be the degree of the «Equator then ri/ing 
won the Eaſt Horizon, 


29. If 
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29. If the fir? quadrant of the e/Equator doe ariſe, the 
beginning of yy 1s diſtant from the meridian Eaſtward, 
{o much as is the diitance of the Right aſcenſion of Med, 
celi, from 360. Butif the ſecond quaarant of the FE Tuator 
de ariſe, the beginning of 17 is diſtant from rhe Meridian 
Weſtwardg{m muchas 1s the diltance of &,from the Right 
aſcenfion of Med.coli. 


And in both of them the lower angles of the Eclip- 
theo KF rick with the Meridian , on the Eaſt fide is obtuſe , and 
on the Welt ſide acute : and the goth degree of the 
Ecliptick, commonly called n9age/imus gradns, is onthe 

"i. Eaſt part. 


q e, | . 
mo 30. If the third quadrant of the /Equator doe ariſe, the 
ſe, . beginning of «: is diſtant from the Meridian Eaitward, 


ſv muchas is the diſtance of the Right aſcenſion of ed, 


F; : 

” 2 cli from 1 80. Bur it the fourth qnaarant of the Equator 

Fi, doe ariſe, the beginning of =, 1s diſtant from the Meridi- 

S an Weſtward, ſo muchas is the diſtance of 185, from the 

ud Right aſcenſion of Med. cali, 

hs And in both of them the lower angle of the Ecliptick 
with the Mcridian, on the Eaſt fide is acute, and on the 

ſt Welt fide obtuſe : and on the goth degree is on the 

- \Weſt part. 

ic 

ll 31. The point of the Ecliptick culminant in the OMe. 

n ridias , Which is called Mearns owls, or Cor cali, and is 


f the c/pu of the 1c howſe; may be found by SeR. 5. 


32. The d:clination of the ſaid cn/minant point, may be 
foun:i by SeR. 3. V Vherefore aiſo by a:iding or ſab» 


ductiag that declination, to, or from the clenation of the 
A quator, 


M 
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A&quator, (which is the complement of the Pole) the 
Altitude of Med. celi may be had. 


33. The Angle of the Exliptick with the Meridian, may 
be found by Set. 7, 


34. To finde the Altitude of the go 
aegr, Or the Angle of the Ecliptick with 


the horizon, 


As the Radins 

is to the Sine of the compl. of the alrirnde of 
Meda:celi, 

So is the Sine of the 4ng/e of the Echiptich with 
the Meriaran, 

to the Sine of the coinpl. of the angle ſorght for. 


35. To finde the efzrmith of g9 
degr. which is alſo the Amplitude ortzne 
of the Aſtendent, or Horoſcopms, 


As the Radis, 

is to the Sine of the Altynde of Hed cali. 

So 1s the tang. of the Angle of the Echip:5:h vrith 
the Meridian, 

to the tang. of the compl. of the diſtance of that 
Azwmith from the Meridian, 


26. To finde the Horoſcope , or 4/- 
cendent degree of the Eeliptick,, Or the 
Cuſprs of the firſt honje, 


The Diſtance of the Azumith of go degrees from 
the Meridian , is equall to the Amplitude 'ortiue of the 
Aſcendent degree. Whercfore the Aſcendent degree 

= = 
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ot the Ecliptic, may thence bee tound, by Sect: 8, or 9, 
Or elſe thus 


As the Radius 
Ly isto the Sine of the complement of che angle 
of the Ecliptic With the Meridian : 
So is the tang. of the complement of the 
_ altitndeof Med. Cot, 
to the tangent of the diſtance of Med, owt; 
from the Aſcendent degree, 


37+ To find the parts of the angle of the Eclip. 

; tie With the Meridian, cut With an go.” 
perpendiculer 20 the Circle of any of the 
Flowſes. Say 


Asthe Radius 
isto the Sinc of the compl. of the attitude 
of Med. cali : 
ſo is the tangent of the circle of any Howe 
with the Meridian, 
eo the tang :' of the compl : of the pare of 
that angle, Which # next the Meridian, 


Then ſubdu& that part found ont of the whole Angle 
for the remaining or latter part. 


38. To find the Dsfance of the cuſpis of 
any howſe, from 1 Aed: celi, Say 


As the Sine of the compl: of the later pert of 
the angle of the Ecliprio With the Meridian , 
is ro the Sine of the compl: of the former 


at part of that anigh : 

| So is the tatig. of the altitude of Med: call, 
the 
—__ tothe tang: of the diſiance of the cuſpre of 


that Howſe ſought for. 
M 39. Fo 
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29. Tofind the eAltitnde of the Pole abour 
any of the circles of the Howes, 


Firſt find out the Angle which the circle of the 
Howſe prep '{ed maketh wich the Meridian, by Sec : 
23: And then lay. 


As the Rgdins 
is co the Sine of the a»gle of the circle of the 
Howſe with the LMeridian ; 
So is the Sine of the herghr of the Pole a- 
bone the Horizon of the place, 
to the Sine of the height of che Pole aboue 
that crrele of poſition, 


- 
ro —_ 


= CO —————_— 


40. The /ongitude, and latitude of any fixed 
Starre being given, to find- vut the 
Roght aſcenſion, and Declination there- 
of. DEW 


" The angle which the Circle of the Sunnes longitude 
maketh with the Meridian, .at the Pole of the Ecliptic, 
I call the eAng/e of longitude, | 


And the angle which the Circle of the Sunnes Right 
aſccnfion, maketh with the Mcrid1an at tbe Pole of the 
world, I callthe Angle of right Aſcenſiow, The conditi- 
on and quamtitis ot Which two angles, is thus tound 


= 
In 


FO 
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ln Starres of the Nirtherne latitude 


If the longitude be in the I quadrant of the Ecliptic : 
ſubciuRit out of go: the remaines will bee the avg/e of 
fongirade, acute. And the Angie of Right aicention, be- 
ing found,mult be added vnro 270. 

Tt chelongirude bee in the 1I quadrant : ſublut go 
out of it: the remaines will bee the angle of lowgirnde, 
acate. And the Angle of right alſcenſioa being tound 

. g.utbetakenour of 37% © 

if the longitude bes in the ITT quadrant : ſubludtt go 
on of it, the remaines will be the angie of longirnude, ob- 
tuſe. And the Angle of rithe atcenſion being tound, 
muſt be taken cut of 270. 

1f ch- Io1entade bee inthe III quadranr, (ubdudt it 
out »t 964360: the remaines will bee the 4xg/e of /ongs- 
tudr, obtuſe, And the Angle of right aſccation being 
found,muſt be added yn:o 27. 


In Starres of the Southerne latitude 


If the longitude be in the I quadrant, ſubduR 270 out 
of it + 360: the remaines will be the angle of longerude, 
obtuſe. And the Angle of right atcenſion being tound, 
m maſt beraken out of go. | 
el If the longitude bee in the IT 2adrare, ſubdudt it 
"Y out of 270 : the remaines will bee the 4»g/e of longitude, 
d obruſe. And the Angleof right aſcenſion beivg tound, 
muſt bee added to go, © © 
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—— If the longitude be in the I1T quad rant : lubdut it out 


of 279; the remaines will be the ang: of longitede, acute. 
And the Angle of right aſcenſion being tound , muſt bee 


If the lovgitude be inthe 7177 quadrant: Subdud 250 
out of it : the remaines wil be the angle of longitude,acuce. 
And the Angle of right aſcenſion being tound , muſt bee 
ſu>duRe. out of go * 360, : 


Then ſay, 


Asthe Radire, or totall Sine, x 
istothe Sine of the complement , or excefle of 
. the angle of longitnae : 
So is the tang. of the compl. of the /atitude, 
to the tang. of the firſt baſe. 


If the angle of longitude bee obtuſe; vnto the firſt 
baſe found, adde the greateſt declination deg. 235 : and 
the ſumme ſhall be the ſecond baſe; and the angle of right 
aſcenſion ſhall be acute. 


But if the angle of longitude be acute ; out of the ff 
+aſe ſabduat —_ declination : and the remaines 
ſhall be the ſecond baſe, And the angle of right aſcenſion 


ſhall be obtuſe. 


Or elſe out of the greateſt declination of the Fun, ſub- 
dud the firff baſe; and the remaines ſhall be the ſecond baſe: - 
and the anglc of rightaſcenſion ſhall be acute. 


S1y againe, 
Asthe Sine of the ſecond beſe, 
3s to the Sine of the firſt baſe : 
So is the tang. of the aug of longitude, 


to the tang, of the angle of right aſceafion, 
70” FVheni: 
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bo VVhence by adding or ſubduQing as was before de. 

Ec linered in the Conditions of thoſe angles, ſhall be giuen 
the Right aſcenſion of that Starre ſoughr for. 

o Laſtly fay 

" As the tang. of the /ecoxd boſe, 

e isto the Radire : 

So is the Sine of the compl. or exceſſe of the: 

angle of right aſcenſion 


to the tang. of Declination, 


VVhere note that if the /econd baſe cxceede godegr:- 
the declination found, ſhall not be of the ſame kinde, that 
the latirudeis, but in the contrary Hemiſphere. 
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ATable of che Right Aſcenſions, and 
Declinacions of 40 of che cheifeſt fixed 


Starres, Calculaied for rhe yeare of 
our Loxd. 1650. 


Right - 
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Names of Starres \Gen aol Declination mag. 
The Polar Starre 7? 4 7 80? 27Nl 2 
Andromedies girdle I2 32 [3 3 4Q}>| 2 
the former home of Y 23 3817 373] 4 
the bright ſt>rre in the headof Y | 26 5Eſart 48jN | 3 
the iawc of the Whale 41 oz 2 4ajN | 2 
Meduſaecs head 41 27],9 35]N} 3 
the eye of che Bull 64 oo[rg 26| \[ 1 
the Goat ſtirre | 72 4445 35N| 1 
the former ſhoulder of Orion 76 3] 4 59lvj 2 
the latter ſhoulder of Orton 84 o7] 7 18IN| 2 
the great dogge ſtarre 97 27116 13S E I 
the higher head of It 108 oljz2 35]1VN{] 2 
the Icficer Dogge ſtarre 110 17] 6 <c6|- | 2 
the lower head of It i1t 0028 49jN} 2 
the Cribb, or Mangcr 125 4 = 5 ; Neb. 
the heart of Hydra 1137 39] 7 10S! 2 
the heart of the Lion 147 327]I3 39jN{| x 
In the loynes of the Lion 1063 $4/22 26IN! 2 
In the taylc of the Lion. 172. 4916 32}Nj x 
In the girdle of Virgo 89 32] 5 20jN| 3 
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Names of Starres kg PR [1ag- 
Aliot 1892 3657 53j]N| 2 
Vindemiatrix I90 - 15,15 gilt | 3 
Spica V1rginis i96 44 9175 |r 
is Ar&Qirus 23'9 5621 34/N[| x 
the Southerne baliance 217 . Sith 20S 1 
_ — — __——___—— _——_—— 
i the N »rtherne ballance (224 31] 8 21S | 2 
the bright ſtar in the ſerpentsneck[23zzx 4g} 7 35[N| 3 
the hcart of Scorpius 242 425 341S [1 
the head of Hercules 254 4014 Fi]N] 2 
che head of Ophiacus 259 4t|12 a N| 3 
: bright ſtarre in the Harp 276 1,738 30,N| 1 
bright ftatre in the Vultur 1293 27, 8 1] N| 3 
vpper horne of W 299 2 3 3215 } 3 
the left hand of 3v7 i1cfo 43jS | 4 
the lett ſhoulder of x 313 wo 7 | 9 
the mouth of Pegaſus 321 49} 8 18] V| 3 
the right ſhoulder of x: 326 59, 15S | 3 
Fomahant 339 29i31 24|S] 1 8 
Inthe vpper wing of Pegaſus 241 5$3j13 31|N[ 2 j 
In the tip of the wing of Pegaſus [358 $2113 15]Ni 3 | 
| 
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4t. The longitude, and latiemde of any 5 
ewe Starres being giuen , to finde their 
aiſtanc:s. 


If the Starres haue both the ſame longitude , differing 
cnely in latitude; the difference of latitude, is the diſtance 
of the ſarres. 


And if they differ onely in lengirude hauing the ſame 
latitude ; Say 


As the Radsns, 

isto the Sine of halfe the difference of longitnd: : 
So isthe Sine of the compl. of the latitude giuen, 
to the Sine of halfe the ds/tance of the Starres, 


But if they difter both in longitude, and latitude, whe- 
ther the latitudes be both of the ſame kinde, or ene Nor- 
therne, and the other Southerne. Take the difference of 
both the ſtarres, from the pole of the Ecliptick, roward 

which the ſtarre hauing the greater latitude is. And ſay, 


Asthe targ. of the compl. of the /efſer diftance 
from the pole, 
is to the Radirs : | 
So is theSine of the compl. or exceſſe of the diffee 
rence of longitmdes, 


to the tang. of the firſt baſe. 


Take this fir 54/e out of the greater diſtance from the 
. pole, and the remainecs fhal be the /econdbeſe, Then lay, 


As the Sine of the compl. of the fir/# baſe, 

isto the Sine of the compl. of the ſecond baſs : 

So is the Sine of the compl. of the /eſer 45ftance 
from the pole, 

to the Sine of the compl. of the diſtance of the 

0 Starres, 
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If any man will take paines to calcuiace (by this laſt 
Rule) the diſtances of ſoine noted ſtarrs of the firſt, (e= 
cone, and third magnitudes, round about the heauens, 
which are not aboue 5, or 6 degrees, at the moſt , one 
from the other : and ſhall keepe them written in his 
booke : they may ſerue asa Rule, or Inſtrament,whereby 
he may reaſonably cſtimate with his eye, the diſtance of 
any Planet, or Comet, or other apparition from a know- 
en fixed ſtarre, not very farre remote : by comparing the 
diſtance which hee would know with ſome of thoſe 
knowen diſtances which he ſhall find, cither to be equal, 
or elle to haue ſome proportion thereto, 


. 42+ The longitude, and latitude of any two 
C*ties being giuen, to nd their diſtance, 


The manner of the operation is the very ſame with 
the former, ynto which therefore I referre the Reader : 
onely 1 will note, thatin the heauens,the longitude and la- 
titade is taken in reſpe& of the Ecliptic, which being the 
way of the Sunne, all the ſtarrs in their proper motion, 
haue reference vnto it, as vnto their meaſure ai:d rule, 
But inthe Earth the principall Circle is the Equinoctiall, 
diutding 1t into the Northerne, and Southerne hemi- 
ſphzres. And therefore in the earth, the longitude, and 
lacitude is reckoned by the Aquinodtiall, 

The diſtance of two places vpon the Earth , being 
found in degrees, may bee conuerted into Engliſh miles, 
by taking 60 miles for cuery degree, an1 one mile for + 
very minute. 


43+ To find at What hoWer 4 fixed ſtarre 
commeth into the Meridian any day. 


Secke the Right aſcenſion of the Sanne, for that day, 
by Se: 5 ; and ſabduc it ont of the Right _— 
N O 
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of the Starre. And reduce the degrees remaining into 
howers, by SeQ: x. The ſame ſhall ſhew how long tiaie 
from the Noone before, the ſame ſtarre ſhall come into 
the Meridian. 

Wherefore if at any time of the night, a Starr whoſe 
Right aſcenſion is knowne,be inthe Meridian,the hower 
of thenight is cafily found, 


44. The height of any knowne Starre 
aboue the Hori zon,being by any means 
given, to find the hower of rhe night, 


Firſt ſeeke out the hower of that ſtarrs comming 
into the Meridian the fame day, by Set. 43. Againe 
ſeeke out the horary diſtance of that ſtarr from the 
Meridian, according to Set: 19. And then if the ſtarr 
bee on the Eaſt ſide, not yet come to the Meridian, take 
the differcnce of thoſe two numbers; but it the ſtarre 
bee paſt the Meridian, take che Summe of them, for the 
houre of the night. | 


45. The height of the Pole being given to 
find the comming of any fixed Starre, in the 
aue Eaſt, or Weſt, Say 


As the Radins 

is to the tang :: of the farres declination : 

So is the rang : of the comp#l: of the PoZe, 

to the Sine of the compl. of the Srarres 
horary asſtance from the Meridian, 


46- The height of the Pole being giuen, to. 
find the Altitude of any fixed flarr as 
bone the Horizon,being dne Eaſt or Weſt, 
$ay 


As. 


_ 
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AS the Sine of the height of rhe Pole, 

is to the Raarw ; 

ſo is the Sine of the Srarrs declination, 

to the Sine of the Altirude,ar due Eaſt or Weſt. 


47. By the «Altitndes of any two knowne 
fixed ſtarrs taken When they are beth in the 
ſame Azumuh , to fina the height of the 
Pole, 


Firſt ſay, 


As the Sine of the diffence of the ſtarr altitudes, 

is to the Sine of the asference of ther Right aſcenſcons ; 

ſo 1s the line of thc zeerer ſtarrs asftance from the 
apparent Pole, 

tothe Sine uf an angl: to be kepe. 


Againe compare the furtheſt ſtarrs diſtance from the 
Pole with the diſtance from the Zenith, and ſay 


As the Radins 

is to the Sine of the compl- of thee Lngle kepe : 
ſo isthe tang : of the /efſer of the compared arches, 
to the tang : of the frff baſe. 


Subdua the firſ# baſe out of the greater of the two 
rn, reg arches; and the remaines ſhall bee the ſecond 
aſe. 


Then laſtly fay, 


As the Sine of rhe complement of the firſt ba, 
isto the Sine of the compl. of the ſecondba'e x 
ſo- is the Sine of the compl. of the /eſer of 

the two compared arches, | 
tothe Sine of the heighe of the Pele, 
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48. To find out the horizontall Parallax 
ofthe Moone. 


Firſt the diſtance of the Moone from the Center of 
the earth muſt be knowne in Semidiamcters of the earth: 
which vnto them that are acquainted with the Theorie 
of the Planets, is not very tnhcult. And whereof perad- 
venture, I may hereafter reach the praiſe, by molt caſie 
and cxac inftruments, which I have long ſince framed. 


Say, 
As the aiftance of the Mſocone, from the 


cemey of theearth, 
is to the. Semidzareter of the earth: 
So 1s the Radins, 
to the Sine of the CHMoones horizontall 
parallax in that dsftance, 


49+ The horizontal Parallax of the Aﬀoone” 
being given, to find her Parallax in any 
apparent altitude. 


As the Radire, 

is to the Sine of the altitude of the Moone :* 
ſois the Sine of the horszowtall Parallax, 
tothe Sine of the Paralax #n that altitude. 


50. The place of the Moone in the Eclhipric- 
hauing little or ro latitude(as in the Eclips + 
of the Sunne) together with her Parallax 
of altitude being giuen, to find the Paral- 
laxes of ber lengitude, and latitude. 


If the Moone bee in the 90 degree of the Ecliptic : 
ſhee bath no Parallax of longitude, and the Parallax of 
latitude, is the very Parallax in thataltitude, 

But - 
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But if the Moone be not in the go deg. fay, 


As the Radix 

is to the tang. of the angle of the Ecliptich With 
the horizon : : 

So is the Sine of the compl. of the d:ffance of the 
Hoone, from the eAſcendent , or deſcendent de- 
gree of the Ecliptick, 

to the tang of the comp!. of the 4»gle of the 
Echiptick with the Azumith of the Moone, 


 Apaine ſay, 


As the Rad 

is to the Sine of that angle : 

SO is the Parallax of the Moones altitude, 
to the Paraltax of ber latitude, 


Laftly ſay, 


As the Radins | 

is to the Sine of the compl. of that fermes avgle : 
So is the Parallax of the Moones altitude, 

to the-Parallax of hey longituat. 


which is to bee added tothetrue motion of the Moone, if 
ſhe be on the Eaſt part of the got® degree of the Ecliptick, 
or to be ſubducted out of is; it ſhe be on the Weſt parr. 


Many other «Aſtronomical and Geographicall problemes 
might be added. Burt becauſe it is impoſſible to ſet downe 


| | | all, which may be of vſe, at ſometime or other : I haue 
in the next Chapter deliuered briefly the defirine of. tri- 
angles fitted vnto praftiſe :; with all the ſeucrall caſes be- 
longing thereto. 


MN $: CHAP, 


Of Tyri onometrid. - 


Cu4iP, EM 


of Trigonometria, or the manner of calcu- 
lating both Plaine, aud Sphazricall rri- 
angles. Aud firſt concerning certaine ge- 
perall notions, and rules neceſſary therets, 


A%& N cuery triangle beth Plaine;and Spherical, 

2 The greater file ſubtendeth the greater angle. 
"@ And the greater angle hath the greater fide 
© 9 oppoſite vnto it. Alfo the greater angle ly- 
7V8g cth to the lefler fide, and the greater ſide 


hath the lcfſer angle lying vnto it. 


In euery plaine triangle, any two angles being ginen, 
the third isalſo giuen : and one of the angles being given, 
the ſuname of both the other ewo is giuen.. For all the 
threc angles together, are equall to two rightangles,that 
1s to 180 degrees. 


Ina plaine rectangle triangle, one of the acute angles is 
the complement of the other. Where note that. when 
the complement is named wirhout any other addition, it 
is meant of thearch , which is wanting of a quadrant of 
that circle, or go degrees. In like manner the exc.le is 
meant of the arch, which isaboue a quadrant. Bur when 
it is ſai4 the complement to a ſemicircle, it is ynderſtood 
of {o many degrees as will make vp 1 $0, 


Bat in a Sphzricall rectangle triangle,one of the oblique 
angles is alwayes greater then the eompl: of the other. 


If two arches together make vpa Semic'i-c!+, the ex= 
ceſlc of the greater arch, is cquall to the cv: plimznt of 
the kſler. 


The 
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The fame Right Sine, and the ſame Tangent, and Se 
cant, doth belong both to the arch ir ſelfe, and alſo to the 
complement of it to a Semicircle. But their verfed Sines 
differ : For the verſed Sine of an arch leſſe then a qua- 
drant, is equall to the difference of the Radiws , and the 
Sine of the complement of that arch : and the verſed S.nc 
of anarch greater then a quadranr, is equall to the ſuamine 
of them. And the verſed Sine is thus feund our, As the 
Raaizs is to the Sine of halte the arch; ſo is the Sine of 
= halfe arch, to halfe the verſed Stine of the whole 
arch. 


In a rightangled triangle both Plaine , and Sphzricall, 
one of the ſides containiag the right angles , 1s called the 
Bate, and the orher the Cathetus : and the file ſubtending 
the right angle 1s the Hypotenuſa. Ani Know that cuery 
reangled triangle , is moſt htiy noted with the letters 
ABC; (othat B 1may be the Biſe, and CA the Cathe- 
tus, ani BC the Hypotenuſa : and B the anglc atthe baſe, 
and © che angle at the Catherus, and Athe right anglc, 
Likewite eucry oblique-angled triangle with the lecters 
BCD; fo that our of the ang'2 C a perpendicular CA, 
being let downe,, it may inthe baſe BD diſtinguith the 
twocaſes BAand DA, which arc the baſes of the two 
particular triangles into which it is cut. And in noting 
the triangles with letters,obſerue diligently, that if any 
angle be giuen together with one of the ſides including ir, 
the ſame angle be noted with B ; and the fide with BC, 


Tf both the angles at the Baſe BD beacute,the perpendi- 
cular C A ſhal fall withinthe triangic: And BD=B A+D A 
that is BD is cquall to the ſuaame of BAand DA, And 
if the angle B be obtuſe, the perpendicular CA ſhall fall 
without the triansle , beyond the obtuſe angle B : And 
BD=D A—B 4, that is BD is equall to the exc:fle of 
DA aboue B A:or if the angle B. be ob:uic. the perpen- 
dicalar C4: ſhall fall without the triangle beyond che 
ouvtTule 
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obtuſe angle D : And BD = BA—DA, thatis BD is 
equall to the exceſſe of B A aboue DA. The lefler caſe 
being till raken trom the greater angſe. 


And note thart this figne », or p/(that is p/x«) ſheweth 
that the magnitude before which it 1s ſer, isaitirmed and. 
poſitiue in nature ; and therefore to bee added. And that 
this figne — or = (that is #inw) ſheweth the magni- 
tude before which ir is placed, is denied, and priuatiue in 
nature ; and therefore to be ſubſtrated, as you may ſec -in 
thoſe former examples. 


Againe, ſome magnitudes are taken ſeuerally and aparts 
ass BA, that is the Sine of che Baſe; sco BC, thatis the 
Sine of the complement of the Hypotenula ; ? B, that is 
the tangent of the angle ABC at the baſe; zco C, or 
et co ABC, the rangent of the complement of rhe angle at 
the Cathetus : Soalſo /4Z, that 1s the quadrat ſide of the 
plaine Z. And ſome maguaitudes are taken vniuerſally 
and then they arc included in pricks: as s , DC4+BD—BC | 


- : 
that 15 the Sine of halfe the arch, which is compoſed of 
the ſumme of the two arches D C,and BD, abaring there- 
out the arch BC. Soallo/q: Z « X: that is the quadrat 
ſide of the two plaires Z and X pur together : allo /Yq : 
Qin R: Oc /q: L«R: that is thequadrat fide of a 
reRangular plaine , the two ſides whereof are the lines 
2 and R,or ſome fourth proportionall already found.,and 
the Raarrs , or Semidiameter , which is the torall Sine. 
For by the ſigne 1n,or », | vie to exprefle mul:iplication. 


W henany triangle is gizento be reſolued by Trigono- 
metri- , note the parts thereof (cither ſides or anglcs) 
which are giuen and knowne , with a little line drawne 
croſle each ſuch part ; and note the ynknowne part which 
is ſought for with a little circle. 


And 
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And if a triangle Sphzricall (5c it righr angled or ob T2 
lique-angled) prepotcd hath rwo fides each of them ſe- 
ucrally greater then a quadrant : you ſhall in refoluing 
thereof, keepe the leaſt {ide with rhe leaſt angle oppoſed 
to It : and for the two other both files, and angles, take 
the complements of rhem to a ſemicircle. 


Laſtly, if a triangle with all the three angles ginen, be 
required to be conuerted into a triangle hauing the three 
ſides giuen. You ſhall for the greateſt angle of the tri- 
angle propoſed,8& for the greateſt ſide tubtending it, take 
the complements toa temicircle; keeping the other two 
lefler angles, with their {ubtendeac lides as they arc. 


_ Of plaine vi obt-angled triangles. ——_ +4 [ 


THE CALCVLATION OF PLAINE © 
b right angled-iriavg les. 
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BC . BA :: R , 2co0B (oC) » 


C 


B ro” ol 
BA» CA rec 19 feerC) :; 
Of plaine Oblique-angled triangles» 


C aC : C 
'ZIT. FN FS \ > 
| \ of WE | 
B - WE ; D B D 


fe DC 20 4+ 50T» BD. 


and Þere it is neceflary to be knowne , whetker the angle 
{ought for be greatcr,or lels thena Tight ang'c,or go og 
Fuſt 


Firſt ſeek theangle Dy by the T1T ;then both the angles 
Band D being ſubducted out of 180 , you ſhall hauc 
21869 B—DE=C « 


Firſt ſceke the angle D, by the IT ; then both the 
anglcs B and D being tubduRted out of 180, Say 


4B . DC ;: - : 189—B—D , BD - 


c 
PL. 


—4 


D B 


Ter the fide BD be greater then the fide BC : 
Firſt, BR + JC. BD—BZC 22 g 180 —B # :Q. 
then for the other rwo angles : 3 


fe —R  180—B . 
Ot Q.. the greater. 12 Quake cer. 
| GH ---® 


Ler 


Let the fie BY) be greater then the fide BC : 
Firſt, the angles C and D arety be ſought, by the VI. - 
and the fide DC, by the III. 


VIIL. 


f * Take the greatcſt fide BDfor the baſe : and let the ſide 
BC, be greater then the fide DC , Firſt ſay, 


BD . BC4DC ;: BC—DC. Q (v»#@BD—2DA) » 
then DS BE RE... —DA.. 


Ing why (ecke the angles B and D, by the III . 
Laitly I1S9—B—DZ=C » 
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Sphricall right-angled, and quadrantall 
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NR : SBA eB » 2eCA; 
R . 2c0B :: tCA , sBA, 
R . 5BA ;: re0CA .,8ceB, 


| Sy 
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B A 
R eB 1 eo , 0 5 
R . ewBC 326- odd o» eveB 
R . #c0B ::; tcoBA , 8coBC. 
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If a triangle BOD be quadrantall, hauing one {ide BC 
eq all co a-quadrant ; vpon the pole D deicr b-an arch of 
a greatciicle CA, cutting the ſide DB cxtemiedin A: 
and ſo mykinga right-angiedTriangle ABC without the 
other. This outward right-1nglcd triang!e ſhal. be reſol- 
ued in ſtecd of the quadrantall propouſcd. 


Of Spharicall Oblique-angled triangles. 


a C & 
- EY Tot 
Fg \ £ \ PII, 
B————D B D B D 


$3 1G 16 8D . BC oe: oC a 


and in theſe it. is nec: fſary 10 bee knowne whether the 
terme ſought tor be greater then a quadrant, or not. The 
{ame alſo 1s to be Knowie in the tenne rules next follows 
19g, it the ſides BC and DC ar. buth giuen, 


Firſd., 
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Firſt, R' « $c0B :: eBC , BA , 
then, 5coBA . 2ceDA :: 4c0BC , 2cDC. 
0 © 


D Bn _ _.$..-- ; 


Furſt, R , £ceB 2: #BC , oBA. 
then DA «. £BA :: eB 8D 


Firſt, R Þ; oceB :: 8BC ©{ #8BA 
then, 4 60BC , s0wDC 3; 560BA . Jc0DA & 


Firſt, 
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mel, K +. cad :t dC 2 
wen, 4D . eB 1: oh . od & 


OP. - 
- \ : 
Cc a 


Firſt, R , £#c0BC 2: 8B » rcoBCA 
then, sc9DCA . J69BCA :: #BC , DC. 


2 


D FI» 'B 
Firit, R © ycoBC 223 8B , ecoBCA<:. 
then, 5 BCA . #DCA :; 5B . wD. 
| P | Firſt, 
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Firſt, R 6 ogoRC v2 eB þ SOORCA 
then, #DC ., #BC ;: s$coBCA , scoDCA 


_ 


API. 


Firſt, R . 4£coZC 33 2B . coo BUA Þ 
then, $c0B . $c0D :t; s BCA , 5DCA. 
2 | C 


Af. [ f, 4 


B D 


Firſt, R' © BD %: 4C |. QT» 
then, Qi 5; DOa3N—BC x ;DC4BC—BD , QI: 


no = 
See what Qt @ureth in the fift circle , which is of 
equalldiuifions; and thereto adde the Radars , by nr 2m 
As. EO On I bcfore: 


. + 
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I bef::re that number. Diutde rhe whole 1nto two equall 
parcs: and reckoning one halfe in thar fift circle, ſer the 
Index fo 1t, and it (hall in the firſt circle cut the Sine of 
haltetheangle B, 


E” 7 ; 
yg 
"= X/UIT. 
B D 


If all the three angles be giuen : conuert the triangle 
into another haying all the three ſides giuen ; and refolue 
che ſame for the triangle propoſed. 


No#aurnall. 


Or I IO P"IT 


Cna?®, XIII. 
Of the Noturnall Dials. 


Here »re in the Inſtrument, two ſeveral 
Nefwr: all Dyals, The innermcſtof them is 
fittcd to the ftarre in the rump of the great 
{ Beare, commorly called Alior, The other 


a” 
a— 
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ALY x 
. Ad E- 
== 
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names you ſhall inde written within,necre to the center, 


ded into twiſe 12 houres : each houre being ſubdiuided 
into quartcrs, 2nd are noted with figares belonging to the 
houres, as may be ſecne in the Inſtrument. 


The middlemoſR circle of the NoAurnall is dinided in- 
to 12 moneths, hauing their names written : eachmoneth 
being diſtinguiſhed Into tenth dayes with longer lines ; 
and into fift iayes with ſhorter lines. And ifthe Inſtru- 
ment be large cncugh,cach day of the monethes through- 
out the yeare, may be noted with pricks, 


12 fixcd ftarres : whichare theſe, 


Spica Virginis 


a 15 compoſed of 1 2 ſcuerall. ſtarres : wlioſe - 


In the innermoſt circle are the dinifions and names cf 


The bright ftar in the head of yp, 
the Bulls eye 

the Jattcr ſhoulder of Orion 

the little dogee 

the heart of the Lyon 

the tayle of the Lyon 


the North ballance 

the head of Ophiuchus 

the heart of the Vultur 

the mouth of Pegaſus 

the-tip of the wing of Pegaſus. 


To finde ont the honre of the nicht 
by Alior. 
Secke the day of the meneth in the annuall circle of the 


Nocturnall : and apply the Index thereto : marke what 
houre it cutterh, in the houre circle, Remember this 


houre 


”" "Uo — PC EIEIRY ETY _— 
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houre for all that day : then at night whea you woul: 
finde oat the houre , hold vp your Infrument by the 
haiidle ,. and moue it vp and downe, till you fee the pole 
ſtarrethrough the middle hole, andthe ſtarre called Atzor 
by the limbe : S:t the Ind: x or labell to Azior, and marke 
what hourethe labell cutt.th, for if vato this houre you 
adde the houre kept in minie for that day, the fumme of 
both ſhall gine you the crue houre of the night : fo that 
you caſt out 12 hourets, from the fatd ſumme it it ſhall 
chance to be more. | 

Example, It onthe 15 * of Nouember you would find 
the houre of the night by the ſtarre Abor. Apply the in- 
dcx to the day of the moneth, and it will cut in the houte 
circle 8 and an halfe: then ſuppoſe the Index being ſetto 
the ftarre Alot, as abou taught, doth cut in the houre 
circle 10. theſe rwonumbers being .adacd together, the 
ſumme wil be 12+, out of whick ſubdudt 12; and the re- 
maines 6:, will -be the true houre of the night. 


Tofinde out the houre of the night by the 
Inner Nocturaall Dyall. - 


—— — — —— 


To performe this it is necefſary that you know the 
rrue Meridian of the place wherein you are, and can finde 
ir out by night, which you may thus doe. Hauing a Me- 
ridian line drawne in fome window, or other conuenient 
place (as is ſhewed in the Second part of this booke, 
V/e 19) ſtick vp therein a long needle perpendicularly,and 
watch till the Sunne caſteth the ſhadow of the needle, yp- 
on the Meridian line. Or elſe in a true Sunne 'Dyall ob= 
ſerue when the ſhadow falls iuſt on 1 2 a clock, for then is 
theSunne in the Meridian, Whercfore goc inſtantly into 
ſome place about your houſe where you may ſee tome 
marke, cither a chimney, or the corner of an hcute, or «cif 
{ome tree , or ſuch like , direAly berweene you and rhe 
Sunne : then haue you the true Meridian, 

P -® Or 
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Or otherwiſe you may Ina cleare night goe into ſome 
plaine place neere your houte, and fctting vp a {&; aight 
DoIT perpendicular:y on che ground, goc a good d1{tance 
from it Southwards ; anc rin mone vp and downe, till 
you ce the top of your pole, d:rectiy betweene your eye, 
and the North polar itarre : ihenfet vp another pcle per- 
pendicularly betweene your fcer,fo that both your poles, 
and the Polar ftarre, .may be in one right line. And then 
going backe againe to your firſt pol-, looke what knowne 
ſtarrc is direiy ouer your laſt poie , for that ſtarre is in 
the Mcridian. You may therefore wmitencly goe to ſome © 
conueniertplace , ani takea marke whereby you may at 
ail times know the Meridian as 1s atore tautht, 


| When therefore at any time of the night you would 
know what a clockeit is, goe to that place where you 
food, and looking direRly ouer your matke, ſee if any of 
the 12 fixed ſtarres, bce in the Meridian; cr if none of 
them be therein , oblerue which two of them are on ei- 
ther ſide thereof, and what part of that ſpace is in the 
Mericizn. Then goe into the light, and take your inſtru- 
ment, and ſctthe lndextothar ſtarre, or point which you 
iaw in the Meridian : marke what houre itcutteth , for 
that {ame houre being added to the houre, which theday 
of the moneth ſheweth , ſhall giue 'you the true houre of 
thenight : ſo that yon caſt out 12 houres, from the ſaid 
ſugnune, if 1t thali chance to be more. 


Example. Suppoſe the fifth of December , that the 
middle point cf rhe ſpace b<rweene the bright ſtarre in 
the head of Aries, and the Bulls eye, bee in the Meridian. 
S<t the ſndex to the middle point of the ſpace betweene 
thoſe two ſtarresinthe Inſtrument : and it will cut in the 
houre Circie 2 and an halfe : then againe (et the Index to 
tne fifth of December,and inthe houre circle jt wil cut 7: 
| which 
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which added vnto 2 and an halfe » glueth 9g and an halfe, 
for the truc houre of the night. 


Another examvle. Suppoſe the 19i* of December,that 
one third part of the ſpace betweene the Bulls eye, and the 
rsght ſhoulder of Orion, be 1n the Meridian. Sct the Index 
to one third part ot thar ſpace in the Inſtrument, and it 
wiil cat in the houre circle 4 and halfe a quarter almoſt : 
agatne, ſet the Index to the 1g9® of erty oy , and 1n the 
hourecircle ir will cut 6, which bcing added vato 4, and 
halfe a quarter almoſt , giueth 10 and almoſt halte a quar- 
rer for the houre of thenight, 
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SECOND PART 


OF THIS BOOKE. 
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Shewing the vſe of the Second fide of the 
Inſtrument, for the working of moſs queſii- 
ons, which may be performed by the Globe : 
And the declination of Dyals , wpors any 
kinde of Plaine. 


Pon the ſecond /ide of the Inftrument, is deli- 
27/x ncatcd the proiettion of the wpper Hemiſphere 
Sha vpon the plaine of the Horizon : The Horizers 
"IAN/AVS it ſelfe is vnderſtood to hee the innermoſt 
CASTER circle of the limbe : and is diuided on both 
ſides, from the points of Eaff, and Weſt into degrees, no- 
ted with 10, 20,30, &Cc. vnto go. And the center of the 


Inſtrument is the Zemtrh, or Vertscal point. 
- Wichinthe Horizon, the middle (traight line, or Dia- 
mcter pointing North and South, is the Aferidian,or 124 
clock line : andthe other ſhortarching lines,on both ſides 
of it arethe howre /ines,diſtinguiſhed accordingly by their 
Q figures; 


The D:ſcription of the 


tigares. [hole houre lines ſhonid indeece bre d1awne 
through the whole plaine, croſſing one another um the 
Polevt the worid: but that the Inftrumci.t may be more 
faire, they are onely d:awne thott, 


And becauſe divers excellent vſcs , dee require the to- 
tali deuncation of rhe hourc C:i cies, | have ina teuerall pa« 
per, mn. cr bed jntirely, beth the hovre nes, and alſorwo 
othcr circles hers ene they containing cucry one fue 
degrees. (But it the Toltrument were large ecorvgh to re- 
cciue thee, ir « ere bi{t it cuery degree had his cucle : 
an: fi eucry 15 circle ſhou d be an houre line.) And of 
the paralic is, ti:ere ncedes no more, but the Aquinoctial, 
aud both che I ropice. 


For as mi:c? 2s there w [i be great vie of this paper In 
ſtroment; I hatie in the 24 Vic thewed the manner of 
making © : {c tvat any that 17 ingenuuvs, 2nd rexwy honded 
may himtc:te delineate one tuttcient E::0ugh to ferve bis 
turne, for any elcuation. 


The two arches which creflethe houre lines meering 
01 b th f14.s inthe points of intcriechicn of the lix: a 
clock- lincs with the H11zcn, are the 1wo Semmicercles of 
the Ecliprick, or Annuail circle of the Sunne ; the vpper 
cfwhich zrches {crueth for the Summer halfe yeare, an 
the lower for the Fixter balfe yeare : and are therefore 
dintdedin :65-Jayes : which are aito diſtinguiſhed into 
I 2 moneths with longer lines, hating: their names ſet 
downe : and 13t5tem hes, atid fiithes with ſhorter lines : 
a1 the r<{t of the dayes with pricks: as may plainly bee 
{eenc 1n the Inſtrument. | | 


And this is for the ready finding out of the pace of the 
S-nne cuery day : and alto for ſhewing of the Sunnes 
Jearely motion « becauſe by this motion the Sunne goeth- 
round about the heaucns inthe compaſie of a yeare,make» 
ing 
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ing che fonre parrs,or ſea/onsthcreot, Namely wc Spring, 
in that quartcr of the Ec 1prick which beginneth atr..c 
incerſetion on the Welt file of the Inftrament, ans is 
therefore called the YVernai snterſetti;n hun the Sum- 
wer in that quarter of the Ecliptick which beginneth 
with the interiection of che Meridian in the highe {t point 
nextthe Zenith, And afcer thar Aurarrne in that quar- 
ter of the Ezliptick, which beginneth at the interſection 
on tie E1it {tide of the Iniirument, and is therefore cal- 
led the Aummnall interſeltion, And laſtly, the Winter in 
that quarcer of the Ecliptick, which beginneth at the in- 
tertection with the Mcridian, in the loweſt point next 
the Horizon, 


But beſides this yearcly motion, the Sunne hath a Ds- 
zraall or dayly motwon , Whercby 1t maketh day and night 
with all the diucrlities, and incqualities thereof ; which 
is expreſſed by thoſe other ciicles drawne crofle the 
hou:e lines: the mi 'dlemoſt whereof being groſſcr then 
the reſt, mecting with the Ecliptick in the points of the 
Vernall, and Antummuall mterſeftons, is the eFEquinotliall : 
and the rcſt on both ſides of it, are called the Pur lels, or 
Dinrnall arches of zghe Swnne : the two outermoſt wherc= 
of are the Tropscs, becauſe in chem the Sunne hath his 
furcheſt digr- ſton , or Dectlination from the Aquino. 
all, which 1s aegrees 23} : «nd chence beginneth againe 


to returne to the XZqutnoRiall. The vppcr of the two 


Tropics next the c:nter (m this our Northerne Hemi» 
ſphere) is che Tropsk »/ Cancer; and the Sunne being in 
it , is higheſt inzo che North , making the longeſt day of 
Summer. And che lower ocx the Hor,z on, ts called the 
T ropick of Capricorne ; and the Sunn being in ir, islow+t 
into the South, making che (horteit day of W ater. 


Betweene the two Tropics , and the ZquinoRi- 
all infinite ſuch parate! circles are vuderſtoode to bee 
(2 co.:tained; 


Rs mma 
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contained : for the Sunne is what point ſocuer of the 
Ecliptick it is caried, deſcribeth by his lation, a circle pa- 
rallel ro the ZquinoRtial. Yer thoſe parallels which are in- 
the Inſtrument , though drawne but to cuery ſecondde. 
gree of Declination, may be ſuilicient to direR the eye, in 
1magining and tracing out, thiough euery day of the 
whole yeare in the Ecliptick, a proper circle, which may 
be the Dinrnall arch of the Swnnefor that day. For vpon 
the right eſtimation of that imaginary parallel , doth the 
manifold yſe of this Inſtrament eſpecially rely : becauſe 
the true place of the Sunne, all that day, is in ſome pare, or 
point of that circle. Wherefore for the better concei- 
uing, and bearing in minde thereof, cuery fift parallel, is 
herein made a little grofler then the reſt. 


I Vie. And thus by the eye, and view 
only to behold and comprehend the courſe 
ofthe Sunne, both for hu Annuall and 
Diurnall motion, may be the firſt wſe of 
thi In(irument. 


I1 Vſe. T6 take the height of the Sun 


e#boue the Horizon. . 


Set vp the pinne, (which is therefore made fit for the 
holeat the center) perpendicular in the center : and put 
the Indices on both (ies, downe vpon the Meridian, that 
they with their waight, may nor fway the Inftrument 
any way a$it hangeth : then with a threed pur into the | 
ho'c aboue in the handle, hang it perpendicularly,bearing -- | 
the edge toward the Sanne, that the pinne may caii a ſha. 
dow, vpon the degrees in the limbe : for that degree 
which the ſhadow of the pinne cutterh in the limbe, 
is the height of the Sunne aboue the Horizon , at that 


preſents : 
I Vie; . 
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' III. Vie. To fnd the Declination 
of the Sunne enery day. 


Looke the day of the moneth propoſed in theEclip- 
eic,and marke how many degrees the prick ſhewing that 
day,is diſtant from the EquinoQiall, either on the Sum- 
mer, or Winter ſide, viz North,or South. 


Example. 1. Whar will the Declination of the Sunne 
be,vpon the 11 day of Angyſf? Looke the 11h day 
of eAngsſ#; andyou' ſhall find it in the (ixt Circie a+ 
voue the Xquinotiall : now becauſe cach Parallel, ſtan- 
deth (2s hath beene {aid before) for 2 degrees, the Sunne' 
ſhall that day decline North-wards 12 degrees. 


Example. IT. 'What Declination hath the Sunne, vp- 
on the 24 day of arch ? Looke the 24% day of 
March, and you ſhall find it, berweene the ſecond, and' 
third Northerne parallels, as it were an halfe and one fife 
part more of that diſtance from the ſecond : reckon 
therefore 4 degrees for the two Circles, and one degree 
for the halfe ſpace : ſo ſhall the Sunnes declination bee 5 
degrees, and about one fift part of a degree Northward, 
that ſame day» 


Exampl:, 17I. What Declination hath the Sunne 
vpon the 13* day of Nozember ! Looke the 13% dayof 
Nonember, and you ſhall find it below the EquinoGtiall, 
tetine parallels and about one quarter, which is 20 dc- 
grees, and an halfe Sonth-wards. So much is the Decli= 
nation. And according to theſe cxawples indgeof all 
the reſts | 

ITT. Vie. To find the Right af- s 
cenſion of the Sunne exery day. 


Imagine an hower line through the day of the 
moneth giuen, and marke in what point it will crJfle the 
Q 3 &qui- 
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AquinoGtiall : thealay a Ruler , or aſtceight Scroule 
ot paper, tothe Pole of the world (noted in the Inſtru- 
mcnt with PF) and that ſame point. For the Ruler 
ſhall in the inncrmoſt Circle of the limbe, of the South 
ſide, cut the Right aſcenſion of the Sunne for that day, 
ro be reckoned from the Welſt,to the point of interſeRt= 
on, for the firſt, or vpper Semicircle of the :cliptic : or 
trom the Eaſt together with 1 $0, for the ſecond, or lows 
er Semicircle of the Ecliptic. 


V. Vſe, To findthe longitade of 
the Sunne, or 22 what degree of the 
Signe He 65 exery day, 


The Pole of the firſt Semicircle of the Ecliptic isno- 
ted P I, andthe Pole of the ſecond Semicircle 18noted 
P I I. Laya Rulcr, ora ftreight Scroule of paper, tothe 
day of the moneth, and the proper Pole of the Semicir- 
cle of the Ecliptic, in which 1t1s : ter the Rulcr ſhall in 
the innermoſt Circle of the limbe, on the South ſide, cut 
rhe degrce of the Sunnes place in the Ecliptic, reckoning 
it in the ſame manner as you did in fnding the Sunnes 
Right aſcenſion ; and the Arch thus found is called the 
longitude of the Sunne. which may bee expanied into 
fignes, by reckoning on the limbe, from the Welt to 
South y, >, 37, and from South ro Eaft 9, A, : then 
backeagaine from Eaſt ro South =, m, 7 ; and laſtly from 
S.uth to Weſt vw zz, X, allowing 3o degrees, for each 
of thoſe twelue ſignzs, | 


V I. Vſe. To find the Diurvall Arch, 
or Circle of the. Syuanes courſe euery' 
Aay. 


The Surne cucry Cay by his motion (as hath beene . 


fic) deſcriceth a Circle paraticll ro che AquiroRt:all, 
whiciis either one of the Circles in the lnſtrun:. n:. or 
{ome 
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ſome-where betweene two of them. Firſt then ſecke 
the day oft the moneth; and if it tail vpon one of thoſe 
Paral cls, that is the Circle of the Sunnes courſe that 
ſame day : Bat if 1t fall berweene any two of thoſe Pa- 
rallels, imagine 173 your minde, and eftimate with your 
eye, anther Parallel through thit point, bervweene thole 
two Pxallels, keeping [till the ſame diſtance tiom each 
of chem. | 

As inthe firſt of the threz former Exmples, The cir.. 
cle of the Sunnes conrle, vpon the 11 day or Augaſ?, 
ſhall be the very 1x7 Paralicl avoue the Aquinuctiali to- 
wards the Center. 

In Example II. The Circle « f the Surn's courſe vpon 
the 24 day of arch, ſhil bee animagiary Circle be- * 
eweene the ſecond, and third Parallels, #11 keep:rg an 
halfe of thi {pace , and one fitc part nwic of the rt 
{rom the ſecond. 

In Eximple IIT, The Circle of the Syu1nes courſe vp- 
on the 13 day of Nonember, tbali be an imaginary Cir= 
cle, berweene the teuth, and cleauenth Paral-«cls, b.low 
the Aquinodtiall, ſtil keeping one quarter of that ſpace 
from the ten: he 


VII. Vſe. To find the Riſing ard 
Setting of the Sunne ewery day, 


Horizontal Inſtrument. 
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Secke out (as was laſt ſhewed)) the imaginary Circle 
or Parallel of the Sunnes courſe, for tharday, and marke 
the point where it meetcth with the Horizon, both on 
the Eaſt and Weſt ſides rhereof,for that is the very point 
of the Sunnes riſing, and ſetting that ſame day, and the 
hower lines which are on both fides of it, by propor: io» 
ning the diſtance reaſonably, according to 15 minuts, for 
the quarter of the hower, will ſhew the hower of the 
Sunnes riſing, on the Eaſt fide, and the Sunnes ſetting on 


the Welt lide. : 
YIIL. Vf 
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- V ITI. Vſe. To know the reaſon, and 
manner, of the Increaſing, and De- 
creaſing of the dayes and nights 
throughout the whole yeare. 


'When the Sunne isin the Zquinodtiall, it riſeth, and 
ſetteth at'6 a Clock, for in the inſtrument, the interſeRi- 
on of the Xquino@iall, and the Ecliptic with the Hori- 
zon, is in the 6aclock Circle on both ſides. Bur if the 
Sunne bee out of the AquinoQiall, declining roward the 
North, the interſeiens of the Parallel of the Sunne 
with the Horizon,is before 6 in the Morning, and after 
6G in the Euening: and the diurnall Arch of the Sunne, 
greater then 13 howers ; and ſo much more great, the 
greater the Northerne Declination is. Againe if the Sun 
be declining toward the South, the interſections of the 
Parallel of the Sunne with the'Horizon, is after 6 in the 
Morning, and before 6 in the Euening z and the diurnall 
Arch leflerthen 12 howers; and by ſo muchlcler,. the 

greater the Southerne Neclination is. 


And in thoſe places of the Ecliptic in which the Sun 
moſt ſpeedily changeth his Declination, the length alſo 
of theday is moſt altered, and where the Ecliptic goeth 
moſt parallel ro the Zquinottiall changing the Declina- 
tion bur little, the length of the day alto is but little 
altered. 


Asfor example, when the Sunne is neere vnto the 
Z4quinoRiall, on both ſides, the daycs increaſe, and alſo 
decreaſe ſuddenly and apace: becauſe in thoſe places, the 
Ecliptic inclinerth to the £AquinoEiall in a manner likea 
ſtreight line, making ſenſible declination. Againe when 
the Sunne is neere his greateſt Declination, as in the 
height of the Summer and the depth of ay þ the 

yes 
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daycs keepe for a {0.u WLNC, As It WEIE dT one Itay, be- 
cau'e in thoſe places the Ecliptic is in a mann. r parallel 
to the Zquinodtiall, ſcarce ait<ring the deciination : and 
becauſe 1n thoſe two times of the yeare, the Sunne ſtan= 
d<th as it were till, ar one declination ; they are called 
the Summer Sol ice, and the Funter Solſtece, Andin the 
meane paces, rhe neerer every place is co the Aquingdtis 
_ all,the greatcr is the diverlitic ot dayes, 


ti- W herefore we may hcreby plaicly ſee, that the com--. 

_ mon receiued opinion, that in every moncth, the dayes 

he doe equally increaſe, 1s erroneous. | 

he . 

ne Al'o wee may ſee that 1n Paraliels equally d:{t-nt from 

er the Xq 1notal', the day onthe one fide, is equall co the 

1 nigh.c on the ether ſide. 

u 

ws IX. Vſe. To find the Aſcenſionall ; 

he | eiff-rence of the Sunne every day. 

the 

all Se. ke out the time of rhe Suns Riſing, or Setting that 

he fame day (bythe VII Ve) and fce how much it d f.reth 
from fixe aclecke, then conuert the fame dift:renc + inte 

| deg'ces (25 was taught in 1 Part, Chap. 12. Sc. 1.) by 

un W 7 FORE jen | 

Iſo m.i[riplying ihe howers with cheir « ccimail paits, by ig. 

th And fo haue you the Aſcenſionall diff.rence tor that day: 

a X, Vle. To find out theOblique 

aſcenſion of the Suanc eve'y day. 

he | '  Seekeout the Sunnes Ri ht aſcenſion(bythe [ITT Vt) 

lſo and the Afcenſtonall dift-rence (by rhe 1X Vie: ) An if 

the the Sunne be in the firtt Semicircle of the Eciipiic, Subs 

ca dua the Aſcenfionall diff renc”, out of th: Right aſccns 

en ſion : Burif the Sunne be in the ſecond Semicircl2 of the 

the Eciip:1c, idde. the Aſcenſionall dift:r ence to the Right afs 

= cenion : aud you ſhall hauethe ublique a{cculi.1n, 


Xl Vile 


The Ve of the Parr ll 


XI. Vſe. To find how farre the 
Sunze riſcth , and ſateth, from the 
true Eaſt and Weſt points, which « 
called the Sunnes Amplitude or- 
tive, 4nd occafiue. 


Seeke out (as was ſhewed in the VI. Vie) the imagina- 
ry Circle, or Parallel ot the Sunnes conrſe, and the points 
of that Circle in the Horizon, on the Eaſt, and Weſt 
fides, cutteth the degree of che Amplitude Ortiue, and 
occalitie 


XII. Vſe. To find the length of 
every day and night, 


Double the hower of the Sunnes ſetting, and you ſhall 
haue the length of the day ; and- double the hower of 
the Sunnes riſing, and you ſhall haue-the length of the 
night. 


XIII.Vſe To find the true place of 
the Sunne ,; vpon the Inſtrument , 
which anſwereth to the point, wherein 
the Sunze # in the heauens: and is 
the ground of all the queſtions follw- 

12g. 

Take with your Inſtrument the height of the Sanne, 
and reckon it on the moucable Index,” or Labell: and then 
moue the ſaid Labcl},till you find the height of the Sunne, 
exactly rofall ypon the Parallel of the Sutine for that day, 
cn the Eaſt fide if it bee: in the Fore-noone, and on the. 
Weſt ſide, if it bee in the After-noone ; the point of in- 


zexr({eRion, where the Index, or Labcll croffcth the Pa- 
rallel - 


ParrTlil. - Hortzontall Inſtrument. 


Cailel, 3 CNat Out Ot The Sunncs altitude, thall bee the 
erue place of the Sunne onthe Inſtrument, 


XIII. Vſe. To find the Hower of the day. 


The trueplace of the Sunne on the Inſtrument (found 
out as was laſt ſhewed) ſheweth among che hower lines 
the true hower of the day. | 


XV. Vie. Tofindont the Aznmith 
or yerticall Circle in which the Sunne 
&, or the Horizontall diſtance of tbe 
Sunne from the Meridian, 


The Index or Labell faſtned at the Center, is a monea- 
ble Azumith : apply ther: tore the cdge thereof, vato the 
erue piace of the Sunne on the inſtrument (found our as 
was ſhewed by XIII Vic.) And ma! ke what point of the 
Horizon, or Limbe,the ſame edge of the Labell cutrerh; 
reckon how many degrees of the H r:20n, are intercep- 
ted betweene that point, and the Meridian line, cr South 
point, either on th: Eaſt, or Weſt fide : and chat Arch 
ſhali be the Hor!z21utall dutince tonght for, wherc by is 
ſhewed the Azumich of the Sunne art that inſtant : and 
conſequently the Angle which the verric4ll Circle, or A- 
zamith of the Sunne maketh with the Mecrician. 


XV1. Vſe. The Azumith of the 
Sunne being knowne, to find ont the 
Altitude of the Sunne, and the 
Hower of theday. 


Set the edge of the Labell to the Azumith given, and 
marke in what point ihe ſame edge croffeth.the Varallej 
of the Sunne for that day: that point-of interſeR:on 

R 3 ſheweth' 


The V/e of the | Parr ll 


ſhewerh the heright of the Sunne abouc the Horizo n,vp- 


on che Labell z and alfu un ſheweth the how £1 of the day 
2;mong the hower lines. 


XV1I. Vſe. To firdat what hower 

the Sunre commeth ro be full Eaſt, 

or Welt every day in Summit 

Apply the edge of the Labell, vnto the Exſf, or We ſt 

points of the Lunbe, and marke in what point, tte me 
c*gecurteth the Parallel of the Sunre-tor that day, tor 
thac lame point among the hower itnes, ſhali ſhew th {= 
tine of the Sunnes C auning to be full Eaſt, or Weſt 1n 
thatday, and 1kewiſe of what altitude the Sunne will be 
abcuc a [ir 3.120! 1 At that tigue of Iys being full Eait, 
or VV {[t. 


XVIII. Vie. To find 1 the height of 
the Sunne at high Noone every n= ; 
aid :hewil at ev ery oiher hower, 


GG 
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Mztke {© vwoazt pointthe Parallel of the Sunne for that 
Gay, Curtet) the ling of that bower,for which you would 
krow The $anncs a thade : And vato that point ot intor- 
{etton, 2pply the edge of the moucable Libeil, or in. ex: 
and {heron tel you tn" tae very degree of the Sunues 
ai chiade, It thit Nowere 

Ly tis NV LH Vie, and by the XVT, ate made the 
Q '23rauts , deicribed by Gemma Os, eU nſter , 
Chonurs, Mr. Gunter, and others: and ali ail manner of 
Rings, « plandere, & 1nmmerable other topscall 'Jnſtruments, 
nd the finding cur of the hower, and otter I1k« conciuſi- 

17. And likewite the rcaion, of finding the hower of 
we day, by a mans ſhadow, or by the ſhadow of any 
Gnomon, ſet vp perpendicuiar to the Horizon, or clic 
patalle|tolt. 
| XIX.VI1e» 


pram} 


Parr LI. Horizontall Inſtrament. 


es 
_ — —_ 


- 


XIX. Vſe. To find ont the Meridian 
line, and the points of the compaſlc- 
without a Mazneticall needle, yea more 
exaCily then with a neeale, 


Take the height of the Sunne, by the ſhadow of the 
yinne: and apply the fame height, reckoned on the Ladex, 
or Labcll to thc parwill of the Sunne for that day, vhere= 
by yoa hate the true place of the Sunne, inthe inſtru» 
1m«n',1S hath beenc ſhewed 1n the XI. Vie. Then tees 
ping both the Laþell at that point, and the piane vpright 
11 the Center, hold, or ſ.r your initrument paral:el ro the 
plaine of the Horizon, with the pinne toward the Snnne, 
and moue It gently,rill the ſh1dow of rhe pinue (hall tall, 
exactiy vpon;the ficuciali edge of the Labell, For then 
the Meridian l1ne of the in{trument, {hail ve in thetrue 
Mce1idran of the place : ana the ftoure quirters of the 11. 
{trument, ſhall looke into the foure c:r.'mal: points, of 
Ezft, Weit, North, an.i South. Wherefore af with 2 
bockin, you make a prick at c:ch nd of the Meri t12n 
of your inſttement where :£ {tindeth : and with a Rier 
draw a line throug ther: che 1ume hall bee th. Me= ; 
:1d:an of that plecc. 

This 18 a moſt cxceilent praiſe, for finding out the 
M-ridian:n any placeyand 15 in an 12ftant pertorme-', 1nd 
that eaſtly. An#4 hereby you my examine the Varrarion 
of the ( ompaſſe. And aifo exaRiy place any Suune Dyal!, 


XX. Vie. Conſid rations for the 
vie of the inſtrument in the night, 


In ſuch queſticnsas concerne the night, or the time be- 
fore Sun ruing,and after Sunne ſettinggrbe in'irument re- 
prelentcth rhe lower Hemiſphere, wherin the Sortherne - 
R 3 Pole 


Theſe of the 


Pole is eleuated. And therefore the Parallels, which are 
abouc the AquinoQRiall, ſhall bee for the Soatherne, or 
Winter Paralicls, and thoſe beneath the ZAquinoRiall , 
forthe Northerne, or Summer parallels. And the Eaſt 
Kaall be accounted tor Welt, and the Weſt for Eaſt : and 
the Norch ſhall bee accounted for South, andthe South 
for North : contrary to that which was before, when 
the Inſtrument repreſented the ypper Hemiſphere. 


XX1I. Vie.Tofind how many de- 
grees the Sunne is vnder the Ho- 
rizon, at any time of the night. 


Secke the declination of the Sunne for the day propo- 
ſed: andat the ſame declination, on the contrary fide, 
imagine a Parallel for the Sunne that night : and marke 
what point of it jsin the very hower and minute propo- 
fed : thea (er the Index,”r Labell tothat point of the Pa- 
rallel, and it will ſhew you thereon the degree of the 
Sunnes depreſſien wnder the Horizon. 


XXII. Vſe. To find out thelength 
of the Crepuſculum , or Twilight 
enery day. 


Becauſe the queſtion concerneth the night time, you 
muſt ſeeke out the Sunnes Parallel, for the night, on the 
other ſide of the Z& quinoQi-l!, having the ſame declung» 
tion with that which che day of the moneth fheweth : 
then mene about the Label), vntill the ſaid Paratiel cut- 
teth the edgethereof inthe 18'h dep: on the Weſt ſide 
for the Morning Twilight, and on the Eaſt fide tor the 
Evening Twilight, of the ſame day. 

And note that in the height of Summer, the Twilighe 
in our Horizon, continueth all night long : becauſe 
the 
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the ſame goeth not vnder the Horizon, full 18 degrees 


X XIII. Vſe. To find the Declina- 
tionof any Wall, or Plaine, 


Take a board hauing one ſtreight edge, and a line 
drawne perpendicular vnto that edge : apply the ſtreight 
edge vnto the Wall,at what time the Sunne ſhineth ther- 
on, holding the board parallel to the plaine of the kori- 
Zon : and hang vp thread with a plummet, ſo that the 
ſhadow of the thr eaJ may fall on the board, croſſing thar 
perpendicutar line. Then take with your Inſtrumenc the 
height of the Sunne, and 1aſtantly make twopricks, in 
the ſhadow of thethread on the board, a good way di- 
tant one from the other: and laying a Ruler to thoſe 

two pricks, draw aline, which line ſhall be the Azumich 
of the Sunne, on the board : againe with the height of 
the Sunne laſtly taken, fird out on your inſtrument, the 
Azumith of the Sunne ; or the Angle which the Sunnesg 
Azumith makcth with the Meridian, (by the XV. Vſe.) 
And on the board taking the inter{eion of the ſhadow 
line with the perpendicular for the Center , deſeribe a 
Circle cquall to the innermoſt Circle of the Limbe : 
(which you may eaſily doe, if you ſet one foot of your 
compaſſes vpon the Eaſt, or Weſt point, andextend the 
other foot vnto 60 degrees, on the ſame innermoſt Cir- 
cle, for this diſtance 1s equal] to the Radine thereof.) A- 
gaine with your compaſſes, take of the Arch berwecne 
the Azumithof your Inſtrument, and the Meridian, and 
{:tthat on the Circle of the board, that way that che true 
South is : and through the end of that Arch meaſured on 
the beard, draw a ſtreightline for the Meridian. Laſtly 
take with your compaſſes,the Arch intercepted between 
the Meridian on the board, and the perpen/iculat linc, 


and by applying it to the inmoſt Circle of the limbe, + 


from the Eaſt, or Weſt points ſce how many degrees it 
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containeth : for thar is the declination of the Wail Or 
clic you may find the Meridtan ypon the board, by XX 
Vic. 
If the Angle of the Meridian with the perpendicular, 

| on the board, be aright Angle, the Wallis direR Eaſt, or 
'| |; \W cit. . 
1 Buc if the Meridian fall vypon the perpendicular, or 
be parallel thereto making no Angle with it, the Wail is 
dire North, or South, 


XXIIII. Vſe. The Art of Dyalling, 
Ard firſt how to make the Initrument 
in paper, promiſed ws the beginume of 
thy ſecond part, 
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For the Delineation of this inſt-ument in paper, it will 
bee necAary firlt to ſhew the minver how the Semidia- 
mcter is to bee graduated, or diujued into degrees: * 
how the Centers , 3nd S.midiameters, of ye fcacrall 
kinds of Arches :re to be tound. 

Vpon halte a ſheer of ſtrong large D:tch paper, (the 
larger , the better) draw two ſt1cght lines, making a 
right Angle neere ore of the corners, the one through 
the length, and the other through the readth of rhe pa= 
per ; whichrwo lin-s I there. orc call the icnger, and the 
Norter perpendicular. e 

Vpcn the righr Angle poirt, being the Center, with t 
a Semidiamercr <qua | to that by which you intend to Ve 
lincate your inſtrument, deſcribe a quadrentof a Cicies 
a1! on the point w here 1t mceteth with the ſhorter PET= 
p:ndicalar draw a long tavg.nt line paralie; to the Icoger f 
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pepenticular. | f 
Divice the Quadrant in'o go degrees, among which Y 
from the beginn'vg at the ſhorter porn *Icuiar, reckun 
the eleuatiol of the Pole, for which you will cake your 
Its 
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inlt1 umcnc, and applying a Ruler to the end thereof, and 
tothe Center, where the Ruler cutteth the rangent line 
makea prick. And taking with your compaſles the di. 
Aance from the Center to that prick, meature it vpon the 
ſhorter perpendicular : th:s {hall be the Serridiamerer of 
he foxt howtr { arcle, At che end thereof draw 2nother 
lons line parallel aiſo to the Tonger perpendicular, 


Then out of the Center vrto the ſecond parallc| 
through every degree of rhe quadrant,gdraw fine reight 
lines, catting alſo the firſt Parallel. The intericRion of 
thoſe lizes with the firſt Parallel, ſhall ve The [tale of cen- 
ters of Arches. And their interſection with the tecond 
Parallel (hall be Thc jcale of centers of hower Circles, And 
the ſegments of thoſe lines, intercepted betweene the 
Center, and che firſt Parallel, ſhall be che Sexz5diameters of 
Arches ; and the whole lines betweene the Center and 
the ſecond Paraile!, ſhall bee The Semmrdiameters of howey 
Circles, And that you mav kno;y for what Circle, every 
Center, and Semidiameter ſeructh, you ſhall note every 
fift line from the beginning, with the figures 5, 10, 15, 
20, &Cc, S:t vnder the ſecond Parallel, vnto go which 
will fail vpon the l-nger perpendicular: thar 1o youmay 
readily find the Center, and S:zmidiamerer of any Circle 
required. 


Againe divide the fhieſt 45 degrees of the Quadrant in 
the middeſt : anJ applying your Ruler to the Center,andl - 
to every one of thoſe halte diviſions, where 1n each 
place the Ruler cutteth the firſt Parallel, or tangent line, 
makea prick. So ſhail you hane vpon the tangent line 
betweene the ſhorter perpendicular and the midlemoſt 
line 45, athird ſcle, which 1s, The ſcale of go degrees , 
for the graduating of the Scmidiameter of your inſtru- 
ment on the paper: In which you ſhall alſo diſtinguiſh 
every fift degree, with figures ſet vnder the tangent lines 

Having thus prepared yonr paper of ſcales with lines 

9 neatly 
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neatly and exaRtly drawne, keepe it by you ro hauc it (ill 
in a readinefl> tor the msking,. an41 v.:ng of the Initry- 
MNt in paper. The making where! 137 huse 


Take with your comp*:f]-'s thn Samiciametcr of the 
Q:12drant in your p3per of {caſes 3 ard ihuviewict vpon a 
peice of ſtrung Duc" paper, Deicribe the Horizontal 
Cricle: which you {}3i: cur 1wtotwo Semicitcks with a 
Mcri-12n line crawnetiicugh the Center ; dividethem 
inco Q .adrants inthe points of Eaſt,aud Welt ; and each 
Q adr:nt inte-90 egries to Le marked with figures awſt 
as 1s done 1n the Initruments 


Then with your compafles take the elcuation of the 
pole vpon the icale of degrees in your paper :& let it ypon 
the Meridian line from the Center which way ycu pleaſe: 
thit ſhall bee the interſeftion of the AguimoRiail with 
the Meridian. Aiſo reckon the complement of the height 
of the Pole, vpon the icale of Centers of Arches, and 
with your compaſles take the diſtance from theend ther- 
of to the Center : the fame ſhall bee rhe Semidiametrcr 
of the Xquinotall, tro bee drawne from the Eaſt point 
of the Horizon through the point of interſection with 
the Mcridian vnto the Welt point, | 


Againe take with yeur compaſſcs vpon the ſcale of de. 
grees in your paper the complement of the heighr of the 
Pule : and ſet it vpon the Meridian on the other ſide, ot 
the Center trom the Aquinoctall : there ſhall bee the 
Pole of ih: £quinoctal, cr of the World, 1 which all 
the hon) e line's thall cr Ale one another. 


N-xtly vnto the height of the Pole both adde, and al- 
ſoſubduR 23 ; 4egrees : and with your compaſi. s take 
both th« {6 Arches in the ſcale of degrees; and fet them 
in thc Mcric tan from the Center, one falling beyond the 
AquinuRa !, ani the other ſhortof it : thote ſh4ll be the 
intcrteAtons ot thetwo Iropics with the Meridian. Scek 
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Av Dy S.Ct S, Ulapt: 12 Ol the Ailt pay the Anpite 
tude ortiue of tne S411, having 23 { degrees declination x 
and reckon it being found, inthe Hor z »nrall Circle from 
the Exiſt and Weit points both wayes : th-ſc are the 
pints of interfeRtion of the Tropics with the Horgon 
07 both fides ; and ſo baving three points ine:ch Trop.c, 
you my eaſily through them drawethe Circics, 


M>rcover with your comprſles, take the diſtance be- 
twecne ttie Center and the ſecond P:ra}lcl in your pipcrs 
which is the S2zmidiameter of the ſixc houre Circle £ and 
ſec it on the Meridian t:0:n the Poul: bryond the & jut- 
n-»t1a!l ; that ſhall be che Center of the (1xt hourc C:icic; 
vpon which you may draw the ſame Circle, trom the 
E.it point ofthe Horizon through the Plc ro che Weſt 
poinc. Then through the center of the 13x: huure Ciicle 
erect a line perpenvicuiar to the Mcridiany exccnding It 
i: finitly on both ſifes of the Meridian: andin that line 
both way s, pricke downe the Centers of rhe horary 
Circies , out of the ſcale in paper: And laſtly opening 
your comp ifles from every one of thoſe Centers vnto 
the Pole 1. veraily, detcrive all the horary Circles, or at 
leaſt every fi:t of them, and ſois your paper inſtrument 
perfeRly finithed. ; 


The vſe of this inſtram-nt on paper is, thar lines, and 
arches my bee :\r. tired vpon it with a fine pennicell of 
blacks tead, ind art ward be wiped [019] « againe. W here- 
fore it wil dec nec {full for him that will vie this inſtru- 
mcn*, to all he p11 poles thereof, to get a good paire of 
Ia: ge comp. Ales v 1th three points, one (harpe, another 
for Inke, i rtard for biacke Lead. And [ſuppoſe it wouid 
doe W-ii to faſt:n over your inftrument a pcice of thinne 
oyled paper, in:ough which the line2ments may be ce 
fpicauous : ano vpo" it to trace fuch lines, and aiches as 
you haue occaſion to yſc : that ſo your inftrument, may be 
kept clcancy and laſt longer. 

S 2 For 
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For as much as in dclincating thc horary Circles , 
which are within 3o degrees of the Meridian, the. Semi- 
diameters will be ro long for your compaſics : you may 
in that treight thus helpe your ſelte. ririt lay, 


Asthe Radins, 

is to the Sine of the Elenation of the Pole ; 

So isthe tang: of the agftaxce of any Hoyary 
(ercte from the Meriazan, luppole 25, 
Cr 20,0T 15, OF IC,or 5 degrees, 

tothe arch of the Horizon betWweene the 
HMeridian , and that horary Circl:, 


Reckon this diſtance on the limbe of your Inſtru- 
ment from both ends of the Meridian, and marke it. 
Thus doe for the 25*,20%, 15%, rot", and 5th horary 
Circle on both ſides of each end of the Meridian. 


Then 1n any peice of cleane paper, through the mid= 

dc{t of the longer way, draw aline : and toward one end 

| which (I call che upper ende) croflc the ſame with a per- 

. pendicularline exaRtly equailto the Diameter of your In- 
ſtrument, the point of InterteRion being the center. 


Take with your Compaſſes out of the paper of ſcales, 
the ſemidiameter of 60. degr: (which you may well doe 
for an ordinary inſtrument) : and ferting one foot on ei- 
ther end of the Diameter, that point wherein the other 
foot (hall cutr the firſt long line, make your Center, and 
thereon draw an Arch through both ends ef the Diame- 
ter, and cutting the vpper parr of the firſt long line : this 
Arch is equall to that herary Circle, which is diſtance 
from the Meridian 3o degrees the complement of 60, 
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Divide each halte of the Diameter into z equall pirte, 
with 4 poin:s, and -rm every Gr thoſe points ynco the 
Arch «raw lines paral-l to the firſt iong {in-. And having 
divided cuery one of thoſe fue paralle: lines intercep: ed 
betweene the D.ameter ani thy Arch ino 6 cquill parts, 
fr the 6 times 5 degrees w ict remit ietoihe Mer di- 
ar, draw through thofe diviiton> tr m the ends of the 
Diaincter (with aſmooth an: even hand) the Arches 25 
20, IF,loands5. 


Thoſe Arc''es you may tran«ferre from the paper to 
your inſtrumeat in this minner. Rei;b the bac ke fide of 
the paper againſt the Arches, with fins po ver of blacke 
[cad : then applying the paper with Arches to vuur jy- 
ftrament, rhat the ends of the Diametes may x2 Uy fall 
ypon the tv © oppcſire markes, inthe limbe of your in- 
ſtrament, which ſerue for the horary Circle thar you 
would d. aw,cithecr 25, 20 15 10, org, tracc oyxcr that 
Arch with che point of any bard peice of wood ſharpe=« 
ned: andthe blacke [cad on th- backe ſide will vpon the 
inſtrument leaue the priut of that Arch. 


XXV. Vie. To ſtan vpright Wall or 

plaine vpon the in/trument : aud 10 find 

how many honres the Sunne ſhall i}iine 
thereon at ſometime of the yeate, 


The fitit2tion of Wals, or Plaines is conſilered either 
inreſpet of the Mcridien, or of rhe Horizon, An1 vato 
both it Is erther perpcnAicular, or .-bliqucy>r parallel, 


The plzine perpen-'icular ro the Meridian, is that 
hich ſtandeth dircAiy Noort!;, or South : which if it be 
alſo perp n3icular to the R'1 2m, 15 called North, or 
South diret vpright. Bui if it Roopo from the Zerth 
forward, it 1s called North, or South inclining : If backe- 
ward 
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ward, it is called North 'or Southi r:clining. And note 
that in a ſto-pirng PÞ 314 chat {ide w hich .s toward the 

. Horizon, is 1nclini-(g,, ans that Wick is rowyard the Zee 
n.t1 1s reclining. 


The Plaine oblique tothe Meridian ist) at which fans 
deth not di cAt'y Neihh or Seurh, but odlingthone ſide 
in:otic Erith, and the oh r into the Welt ; and 1s theres 
fore catled Dechning Eay ward, or W:/t ward, according as 
either fide of the Vale looketit; As Ir an vpright 
Wail being Southerne,dectinerh *iym the South 1nato.the 
Eaft, it 1s called So#:h declrng-g E aſt vwaras vprioht. But if 
it ben-t vpri-hegit is calic Sort? dechining Eaft yard, and 
zaclining, or veclins g. 


The Plaine parattel to the Meridian, is that which loo- 
keth directly Eſt, or Weſt; and accordingly, hath his 
d:nomiaation, whether it bec Ypright, Inclining, or Ree 
clmmpg. 

The Plaine Parallel tothe Horizon, is called Horizontall : 
and isrepreſented by the inſtrument it 'clfe, or at leaſt by 
the inncrmoſt Circle of the limb: tFereof. 


And note that the Arch of Dccliration, is reckoned 
from the next Eaſt,or Welt point. And that the Arch of 
Inclinaticn,or Reciinationis reckoned froiathe Zenith , 
or the comple:nentof it from the Horizon. So that : ue- 
ry vpright Plaine is vnderftood to paſſe through the Ze- 
nith, whicn inthe mmſtrument is the Center. 


And thus having ſhewe! the ſenerall zf:Rions © 
Plaines, wee will now proceed ro ſhew the manner hoy 
toler them vpon the Initr:2mentr. 


A Dire North, or South vpright Plaine, is repreſen 
ted in the Inſtrawencby a line drawne through the Cn 
ter from the Eaſt pint tothe Wriſt, which 18 alſo the 


Horizonall intcrſetion of the Pla.ne. And by it you 
hal 
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ſhall ſee that the Southerne ſide or face cf the plaine is 0- 
pen toall the houres betweene fixe in the morning and 
{ixe in the evening. And thar about London, the Nor-* 
therre (ide,onely inthe Summer enioyeth the Sunne from 
his rifing tillafter ſeven in the morning : and from be- 
tore 5 aclocke in the afternoone, till his ſetting. 


eA direit Eaſt, or Weſt upricht plaine, is repreſente] in 
the Inſtrument by the Meridian, which is alſo the Hori- 
zontall interſe&ion of the plaine. And 1n 1t you ſhail {ce 
that allthe forcnoone hcuresare open to the Eaſt fide : 
and all the afterneone houres te the Welt fide. 


e7 Declining Plaine is thus ſet upon the Inſtrument, 
reckon on the Horizon the arch of Declination, from the 
Eaſt,or Weſt point : and at the end draw a line through 
the Center voto the oppolite point of the Horizon: Se 
tharcach fide rhereof may be open to that pouinr, either 
E:{t, or Weſt, into which the Declination is ſuppoſed. 
T hat line to orawne throught the center is the Horizon= 
tall interſeRion of the plaine, and repreſenteth the plaine 
it Cife, if it 5ee vpright. For example, there 1s about 
ZLonaon an vpright Wall declining Eaſtwards 35 degrees: 
which I would ſer vpon the Inſtrumenr. Hold the Sou- 
therne part of the Inſtrumenr to you,and reckon from 
the Eaſt backward-into the North vpon the Hor!zon 35 
degrees : thcre draw a line threugh the Center : this 
line ſhall not onely vpon the South 1de repreſent a Sous 
cherne Plaine declining Eaſtward 35 degrees.Butalſo vp- 
on the North ſide ſhall repreſent a Northerne Plaine de- 
clining Weſtward 35 deg. And moreover it will appeare 
that on the Southerne ſide ſhall bee drawne the houres 
from almoſt 4 a clocke in the morning, till 2 in the after. 
noone. And that in the Northerne ſide ſhall bee drawne . 
vpon one 14 4 a clocke in the morning onely : and vpon 
the other ſide all the houres from 3 1n the afternoone 
t1'l Sunne {ct, 
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And to conteq.enuy coe declination of an vpright wall, 
or Window being given, it may be found at what houre 
the Sunne vpon any day in the yeare will come to that 
Wall,or Winctow, and when it will goe from it. As in 
the former example, There is about London x Northerne 
wall declining Weſtward 35 deg. EF would know at what 
time of tne cay the Sunne will begin to ſhine vpon it on 
the 24% day oi eAarch Set the Index at 35 deg: from 
Welt toward South; 2nd becauſe that day the Srnes 
D:cination 1s. 6 degrees Northward ; Looke at what 
hourc the (ix Parallcl aboue the Aquinottiali toward the 
Center iaceceth with the index fo placed : and you thall 
fiad itat 3 aclock 15 the Arternoone. W herefore at that 
cime the Sunne will beginto ſhine vpon the Wall tha 
ſame day. 


The Poles of every vpright Wall are in the Horizon 
go deg: that is a quarter of a Circle, diſtant from the 
line repreſenting the Plaine. Wheretore if vpon chat 
line inthe Center you erect a perpendicular,the cnds cher- 
of in the Horizon (hill be the poles of thac Plaine : and 
are ſo farre diſtant from the North and South points, as 
the Plain: it ſelfe 13 from the Eaſt, and Weſt. 


XXVI. Vle. To ſet au Inclining, 47d 
Reclining Wall, or Plaine vpon the 1n- 
ſftrument : and to find how many houres 
the Sunne ſhall ſhine thereon, «t ſome 
time of the yeare, 


When you have an Inchining, or Reclining Plaine to be 
deſcribed on the In [rument. Firſt the Horizontall in- 
terſeion isto be ſer thereon, as if it were vpright ; to= 
g:th:r with the line perpenJicular thereto, in which are 
the Poles of the Plaine ; according as was taught in the 
XXV Vſe, 

T Then 


-5 


a ayer fr vey any + m—— £4 


40 444 - 


PART Wi 


The 4rt of Dialling. 


Then vypon the ſcale of degrees in your paper,reckon 
the arch of Inciination, or Reclinaticn ; and with your 
compaſſes take, & ict it in your In{trument vpon the line 
perpendicular to the Horizontall intcrſeaion of your 
Plaine, from the Ceitcr chat way into which the Inc'ina» 
tion, or Reclinaiion ienveth : the lame ſhall bee the Vp 
permolt point of your Plzine, 

Againe,with your Comp:f]-s take the Complement of 
inclination,or reciination, ith yp th: {cale of degrees, 
and alſo upon the icale of centers of aiches in your p4- 


' per: and ſer both ſpaces upon ihe fare perpendicular 


lin', but on the othcr ſ1iic 0: the cent. 1 (: x*enGed itnced 
be): At the ſhorter of thoic ſpaces ſi verke pol of your 
p:aice: and at the longer of them thzl be the Center ot it, 

Laſtly, ſerting one toot of your Compaſſes inthe cen» 
ter of 1 out Plaine, 2nd extencing the other fout to the 
vppermoſt point, defcribe in zur Initrument an Arch of 
2 Tircl: : which if you hanccone well, will x2Cliy fo if 
vpon the ends of the Hor:zonts} interfoRion of your 
Plaine. That Arch ſhail repretent your Plaine, inclin/ng 
vpon the lower {1%e, which 1s toward the Horizon, or 
Limbe : buc r:cliv1ngvpon rhe vpper-fide, which is ro» 
ward the Zenith, or Center, And to either ſide thali ſheyy 
1n what rower ins the Sunn», at ſome time of the yeare, 
will ſhine vpon It : that in detineating a Dyall thereon, it 
my not be combered-witt: veneceffary heure lines. For 
Ex:mple, ſuppoſe chatthe: former Plaine, which with the 
South declined Eaſt wwrd 35 deg: doe aifo inciine 41 deg: 
40 min, Wheretore alſo with the North fide it ſhall de- 
cine Weſtward 35 deg: and Reclinegr dcg: 30 min. 
Deſcribe this piaine ypon your Inſtroment with an Arch 
of a Circie, found cut 2s was taught liſt before. And it 
w*ll appeare that vpon the inclining fide ſhall be drawne 
ail che hore lines frcm alinoſt 4 in che morring, to 4 in 
the afternoons; And vpenthe Recliniug fide ſhall bee 
drawnre firſt 4 and 5 inthe mornimg:and then begirning 
at 9 a clocke, all houres to Sunne lets And 
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And note that 19 all Northerne plaines, the Norch 
Pole is elenated : and in all Southerne plaines the Sourh 
Pole isel:tiated. Except ſuch North inclining, and South 
reclining Plaines, tharin the Inſtrument fall below rhe 
North Pole, berweene it and the Horizon: For in thein 
the contrary Pole is cleuated. And aiſo thata dire Eait 
and Weſt p'aine, if ir Recline, hath the No:th Pule £15 
vated : andit ir Incline, the Sonth Pole. 


XXVII, Vſe. The Plaine being {c! 
vfon the Inſtrument, to find the dilian- 
ces of the houre lines, and Subſtile 
from the Horizontall Interſc&ion. 
And alſo the height of the Stile abone 
the Subllile, 


Eaery Dyalleicher hath aCenter in which all the houre 
lines,together with th. Subiliic,and Stile doe meet:or elſe 
it hath no center, & {o they are al parallel one to anott er. 

If rhe Plaine beirg ſet vpon the Inſtrument, catteth 
the Pole of the #quiroctiall (that is the point in which 
ali the horary Circlcs crofſe the Meridian)the Dyalto be 
drawne ypon that Plaine ſhall have no Center. Bur if it 
cutteth not the Pole, the Dyal ſhall hauz a Center, And 
of thcſe Djals with Centers wee will firſt intreate: as be- 
ing moſt proper for the vie of the Inſtrument, 

Bc hold th:rcfere the Pole of your plaine heedily what 
horary Circle it falleth vpon : Or if it fall betwcene any 
two, the diſtance of eich being reaſonably apportioned, 
imagine a horary Circle paſſing through ir. Macke in 
what point tit horary Circle, eitker real,or imagined, 
doth cutthe Plaine, that fame point {hall bee the place of 
the Suoftile in your Piatne : and the hctght of the Stile 
aboue it, is the Arch of ttar horary Circle intercepted 
berwixt the Pole of the £quinoRtal, and the point of 
ths Subſtile noted in the Plaine. 
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] herefore applying a Ruler tothe Pcle of your Plaine, 
EIrTy it 20U: vnto all the inter ſections of the Plaine 
with the houre Citcics, and the ſubſtitc ſcucrally ; and 
where in cuery place the Ruler ſhall cut the innermoſt 
Circle of the Limbe, there make a viſible marke: For the 
arches of the Limbe intercepted betwerne the Horizon- 
tall points of your Plaine, ani encry cne of thoſe marks, 
ſhall be the diſtatice intended to be ſought. 


But for the Horizontall plaine, the ends of the houre 
Circlcs ia the Limbe of your taftrument, doe giue the. 
diilance yyithout any more adoe. 


Conc ning the height of the Stile aboue the Subſtile: 
It is apparent by the inſtrument,tbat ina Horizontz1dyal, 
the 6 2 clocke line lycth direQly Eaſt and Weſt :* and the 
Mcrid12n perpendicular to it, dire&ty North and Scuth. 
And that the Meridian is the Subſtile. And that the 
heighe of the Stile aboue rhe Subſtile, 1s equall to the 
height of che Pole 1n that place. 


It isalſo apparent, that in alldircA North and South 
Dyals, the 6a clocke Line 1s drawne parallcl to the Horie 
20!3, and the Meridian pecrpendicalar to it : And that the 
Mcridian is the ſubſt'le. And that rhe hetghe of the Stile 
above the ſubſtile, if the Paine bee vprigbr, isequall ro 
the complement of the height of the Pole, Burt it it be 
North inctining, or South Reclining, 1t 15 cquallto the 
dif.rence, of the height of the Pol», and the Arch of 
Inciination,or Reclination. And if rhe Plaine bee North 
Reclining, or South Incitning, 1t 1s equall roche Summe 
of the complement of the hight of the Pole and of the 
Arch of Inclination, or Reclination, And 1t the Plaine 
fall ypon the £quinoRtiall, the ſtile ſhall itand yp perpen- 
dicular vpon it in the Center : anc the hover lines ſhall 
be drawne all at equall Apgle:, vi, 15 degrees one fron: 
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ſtile, the height of th: Stile abcue the Subſtile is thus 
Foun hy the Initrument, Tt was {hewed beforethat the 
heiohr of the {ti/e above the ſubllile 1s the Arch of the 
horary Circle thronghthe Pole of che Plaine, intercepted 
betweene the pole of the AquinoRial!, and the poine 
noted in the Plaine for the fubſtiie. Therefore from the 
Horiz nevll pornts, or interfetions of that horary Cir 
cl: reckon 99 gegrees both waycs: and thereto thronzh 
the Center draw an o-fcure line :. in which line ſhall be 
both the Inclination of that borary Circle, which is the 
diſtance of the interſection, or vppermoſt, point thereof 
from the Center : an1 alſothe Pole. Then with your 
compaſſes take that diſt ance, or Taclination : and ſctting 
it vpon the ſcale of degrees in your paper,ec how many 
degrees it containeth ypon that ical. Againe vpon the 
fame ſcale take with your compaſles the complement cf 
that inclination or diftance,which bcing (et vypon the ob- 
ſcureiine onthe ethcr {ide of the Cenicr, ſhall ſhew the 
Pole of that horary Circle. Laſtiy applying a Rutcr to 
the Pole of that horary Circle, and both ro the Pole of 
the Zquinodtiall, and to the point of the ſubſtiie in the 
Plaine {cuerally : marke where in both places the Ruicr 
cutteth the innermoſt Iimbe of your inſtrument : tor 
the degrees of the limbe intercepred betwixt thoſe 
makes, {hill be the heigh: of che ile, avbone the (ubſtile, 
which was ſought for. 

2d by this which hath be-ne taught, you ſhiil find 
that in an ypright Dyall declining as betore 45 deg: from 
the South into the Eft, or frum tis North into the 
Weſt, the ſabftile ſhall fall vpon that horary Cirde , 
which is about 3 deg3 after ga cloe< in the mornin g:and 


the ftile elenated aboue the ſubſti'e »bonr gr deg: And 

aifo that in a South Dyal! deciinin» Ezft yard 35. deg : 

and inciining 42 deg: 30 nits: Or 11 a North declining 
E 


Weſtward 35 deg: and reclining 41x deg: 20 min: the 
nd Oh {n6- 


© Tn ſuch Dyals as have not the Meridian for the ſeb- © 
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ſubſtile ſhall fall vpon that horary Circle which is about 
$ degrees after 6 a clock: and the ſtile eicuated aboue the 
fubRtile about 63 deg . 30 minates. 


XXVIII. Vſe. The making of allman. 
zer of plaine Dyals with Centers. 


I have already ſhewed how to find out in our Inſtru- 
ment the diſtances of. al! rhe houre lines, and the tubſtile, 
from the Horizontal 1ncerſeRion, Now the delineating 
of a Dyal is nothing eiſc bur to trans ferre thole diſtances 
out of yuer Initrament tn the Dy: piaine, eucry one 
in bis duc firuation : and then through them, out of the 
Center, to drary fnch koure lincs as ſhall be of v vie, toge- 
ther wath the {ubltile. 


The du? ſituation of thoſe diftine. s vpon the Dyal 
pla'ne, depenceth on the true placing of the Meridian, 
o: I12aclockeliinc :; tor that being trucly de{cribed,a!l the 
reſt will be e-fie enough. 

Firſt therefore I w:ll ſhew the manner kovs the Mcti- 
d:an, or I2aciockelins, tsto be deſcribed. 


Take in your Dyal ſome point for the Center, where 
you ſhall thinke fit: and chrovgh it draw aline parallel to 
the plaine of the Horizon. Crefle iriv the Center with 
2 perpcndicularline. And haning opened your compaſles 
tothe length of the Semidiameter of your paper Inſtru- 
mcnt, deſcribe on the Center a Circ: Equallco the inner- 
moſt Limbe th:reof, In which Circle the line parallel to 
the Rorizon 15 for the Hor:zunal interſection : and the 
other for the line perpendiculzr to tt : and the Circle it 
ſe'fe reprefenteth the p!aine : Marketherein the Eaſt and 
Weſt ſides of the Pliine with E and W. 


In the Horizontz!, an in a! North and South direct 
Plaines, both vprighr, and ftooping ; and 1n ali vprighe 
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declining plaines, the Meridian is perpendicular tothe 
__ Line parallel to the Horizon, 
in North inclining, and South reclining plaines, the 
Meridian is to bee drawne on that fideof the Dal plaine 
either Eaſt, or Welt, into which the declination is; Bat 
in North inclining and vouch reclining, 0 on the contrary 
ſide. And if the plaine bee Northerne, the "_ ric 'Laty 
ſhall be abone tic Line parailel to the Horjzor. : an4 if che. 
1- piaine be Southerve, it thal be vader 1t, And - the cons 
', trary Pole be cleuated, ir ſha!l be drawne through the Cen» 
g ter into the oppolite Qu1drant of the Circle in your Dy = 
$ a} plaine, 
C 
- 


Laſtly in a dire& Ezſt and Weſt piaine, both inclining 
214 reclining, the Meriaian 1s the ſame with the line pa- 


- rallel to the Horizon 

Wherefore with your compaſſcs take the diſtance in 
the limbe of your Inftroment, rom tne next Horizontal 
point, vnto the marke of rhe Mcrioian z and meafure it 
G vpon the Circie of the Dal p!aine, in that par: , and on 


that ſ1le, according 24g in C2nl1 eration of rhe elzyuated 
Pole, and of ' thequa! itie of the Plaine, w:3 ſhew:dto be 
agreeable. And at the ni of rhat arch, through the 
Center, craw a ii1e forthe Meridian, 

Againe With your comp-i]c3 tak rhedaftances in the 
limbe of your Inſtrument, berweene the marke of the 
M-:rid:an, and the markes of all the honre Lines ſeucrally : 
and ferting them 4 the Circicof the Dyal plaine or= 
derly from the Mc -ridian, the Forcnoone houres on the 
Weit fide of it, and rhe Aiternoone houres on che Eaſt 
fide : attheen3 of cucry one of thoſe arches draty the 
houre Lines: anddiſtinguith them wath their proper fi- 
uu according! Y 

Laſtly faſten the ſtile in the Center, ſo that it may | 
hang perpendicular vnto the plaine in the Subſtile, ar | 
the tult height. And becau'c the ſtile in every Dyal | 


is vnderſtood co be a {cgment of the Axis of the world 
which 
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which 1saline imagined to paſſe from the North to the 
South Pole through the Center of the carth ; the ſtile 
being rightly placed ſhal ſtill withthe end point towards 
the clcuatcd Pole, thar is vpward tromthe Center, if the 
Noith Pole be clcuated; or downeward from the Cen- 
tr if the South Pole beelcuated, 


XXIX., Vſe. The muking of all 

manner of plain Dyals not hauing 

Centers. 

4 
If the plaine repreſented on the Inſtrument (as was 

taught before in the XXV and XXVI Vles)cut rhe Pole 
ef the Zquinodtiall, it is av horary Circle, either one of 
them which are drawne in the Inftrument,or falling be- 
twceneiome tio of them : and the Dyall plaine it telfe 
ſhall not crofle the :xis of the world, bur lye parallel 
to it, Withou: any Angle of cleuation. And rherefore ſuch 
a Dyal can haue no Center : But the ſtile, the ſubſtile, 
and all the hourc lines ſhall be parallcl one to another. 


Every ſuch Plaine repreſcnted on the Inſtrument, 


Either, Fir$ it is the Mcridian of the pizce,the Hori- 
zontall interſection whereof 1s the 12 a ciccke Line 
drawnec from North to South: and the Dyall made there- 
on, isa direct Eaſt, or Weſt vpright Dyal : In which the 
ſubſtile is diſtant from the Line, 1 the Circle of the Dy 
all plaine parallel ro the Horizon, with an Arch equall to 
the elcuation of the Pole,and vpward toward the Pole. 
And is alſo the 6 aclocke linen your Dyal, 


The reſt of the houre lines are thus deſcribed. Draw 
through the ſublile, in any point, along Line at right 
Angles: thatline ſhall bee the XqninoQtial interſeRtion 
viſually called the Conringent /ine: And t:king aconueni- 
ent diſtance for the ſtile ro hang parallel over the ſubſtile 
( according to the greatnefle of your Dyall plaine ) 
wsalure 
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meaſure it vpon the ſubſtile from the AquinoCtiall inter= 
ſcion; and vpon the end of that meaſure , deſcribe 
halfe a Circle for the Aquinotiall it ſelfe. Diuide each 
Quadrant thereof from the ſubſtile, ipto 6 equall parts, 
or houres. Then applying a Ruler to the Center, and to 
euery one of thoſe diuiſtons ſeucraily, where in cuery 
place the Ruler ſhall cut the long line of AquinoRtiall in- 
terfecion, make pricks : and through thoſe pricks draw 
the houre lines, parallel to the Subſtile, or 6 a clocke line: 
diſtinguiſhing ſo many of them as bee needfull, with 
their figures : that is all the Forenoone houres on the 
Eaft plaine, andall the Aftcrnoone houres on the Weſt 
plaine. But in theſe Dyals there is no 12 a clock line, it 
being infinitly diſtant from the Subſtile. Laſtly hang the 
ſtile direRly over the Subftile, and parallel to it , at the 
diſtance formerly taken. And thas are 'your Eaft, and 
Weſt Dyals finiſhed. 


Or Secondly, it is the ſixt houre Circle, the Horizon» 
tal interſe@ion whereof is the line of Eaſt, and Weſt ; 
and the Dyal made thereon is dire -North inclining, or 
South reclining, with in Arch equal to the complement 
of the height of the Pole. And the parallel to the Horie 
zon isthe AquinoQial interſection : and the line perpens 
dicular to it ts the 12 a clocke line, and alſo the Subſtile. 


The reſt of the houre Lines, from 7 aclocke in the 
morning, to 5 inthe cuening, arc thus deſcribed. Takea 
conuenient diſtance for the Stile from the Subſtile,meaſu- 
Ting it vpon the Subſtile from the £q/ inoftial inter= 
ſefion: and on the end of that ſpace deicribe the Scmi- 
circle of the AquinoGtial, to bee dinided on both fides of 
the Subftile into 6 houres : through euery one of which 
out of the Center, a Ruler being applyed ; at the points 
of the ſcnerall interſeRions of the Rnler with the £qui» 
noctial interſeRion, draw the houre Lines parallel to the 
Subſtile, or 12 a clocke Line : diſtinguiſhing them with 
their figures, namely 11, 10, 9, $, 7,o0n the Weſt _ 

V an 
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and 1,2, 3, 4,5, On the Eaſt fice : bur in rhefe Dyals 
there i» no {t.c aclocke Line, it being infiniily dilianc 
trom thc Sabſtile. Laſtly hang tke Stile direaly over rhe 


Subſtilc, an: parallel to 1t, et the Giſtance formerly taken 


Oi: Thirdly, it is North inclining, or South rect 
nivg, and alto d.clini.:g : in wh ch. 


As the tavgert of the E!cwvation of the Pole, 

15 to the R ade - 

$o is the S1nc of the compl: of Dec/imation, 

tothe tang:ot the compizvt [nclinatzonor Reclination, 


The Plaine being ſet vpon the Inſtrument by the Ar- 
ches of D. c'tnation and tiooping thereot (as bath becne 
taught 11 XXV 1: Vic)ſhall cur the pole of the Aquinodti- 
all, Apply cherctore a Ruler to the Pole of the plaine, 
2nJ to the Pole of the Aquinedtial ; and the point in 
which 1t cutteth the Limbe, warke for the tubſtile; 
Which is to bee transferred vnto thei ircle« f the Dyal 
line, by taking the diſtance berweene that poinr, and 
the next Hor'z nral imerſeaion, 2nd ferring it on that 
Circle from the line parallel to the Horizrn , vpward if 
the piaine be North : or downe-ward if the pl ine bee 
South: and onthar fide which is c: ntrary to the D. clin» 
tion. The ſubſtile being thus found, oraw 2 long line per= 
pendicwar to itgfor ;he Aquinoctial intertection. And tas, 
king a coruenient diſtance or the file from: the ſubſtile, 
mea'ure it vpon the fubſtile from the A ujnoctiall 
inte-ſeFjon : and on the cnd of that ſpace deſcribe 
the S micircle of the Aquinofti-l. Then looke in 
your Inſtrument how many d: grees of the AquinoHal 
are interceptzd berweene tbe M:ridian, and the Arch 
repreſenting your Plain : 2nd reckoning the fame num- 
ber of degrees vpon the £quinoctaal of thc Dya: plaine, 
from th. i b(hle towards the fide of Declination, there 

' make a Buarke tor the Meridian point thereot 3 in which 
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_ Part TE; 
you muſt bc gin to clude the Aquinoctial fericrcie 11. to 
houres both wayes : And that te-ng diuided, apply a ru- 
ler tothe center, and te eucry Gne of the diuiſions:; and 
ar the points of the ſcuerall interſections of the ruler with 
the &quinoQtial interfeRion, draw the houre lincs paral- 
fel to the ſubſtile. Set 13 at that houre line which was 
drawne at the interſeAion throngh the Meridian point of 
the'EquinoRial : ani 115 10, 9, 8;&C. on the Welt fide : 
and I, 2, 3, 4» &c,on the Ex:t fide. Laſtly, harg che ſtile 
directly ouer the tubſtile, and parallel co 1c, at the diſtance 
formeriy taken, | | 


XXX Vie. How by Sines and tangents 
ts calculate the places ot the Meridian, 
. and Subſtile, and ihe height of the Stile 
abouc it : ard the diftance of the Meri- 
dian of the AquinoGtiall from the Sub- 
ſtile; together with the places of houre. 
| lines, 69th by calculation, and alſo Geome- 
| mically. 
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E I have already taught the making of all manner of 

| plaine Dyals moſt eaſily by the [nſtrument , for the ſaine 
height of the Pole. Bur if any man either want an Inſtru- 
ment, or clſedelireth greater « x1Anefic y 1 will alſo here 
ſhew how to pertorme the ſame uy calculzuon , on the 
other ſide of the i/nſtrument, EY 


In 4 plaine ere&t Dyall declining. 


3 Asthe Radins 

18 to the Sine of declination ; * 

So tsthetang. of the compli. cf the Poles hesgbr, 

tothe rang. « f the asffan e of the h 
ſubſiid: jrom the Hieridoan, 
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and 1,2, 3, 4,5, On the Eaſt fice : bur in theſe Dyals 
there 1» nolt.c aclocke Line, it being infinily ditianc 
trom thc Sabſtile. Laſtly hang the Stile direRly over the 
Subſtil:, an:! parallel to 1t, et the Giſtance formerly taken, 


Oi: Thirdly, it is North inclining, or South rc 
nivg, and alto d.clint:g : in whch. 


As the tavgert of the E!cwation of the Pole, 

1s to the R ade ; 

So is the Sinc ot the comp]: of Declination, 

tothe tang:ot the compiyt [nclinatzonos Rechination, 


The Plaine being ſet vpon the Inſtrument by the Ar- 
ches of D c'ination and tiooping thereot (as hath becne 
taught in XXV 1 Vic)ſhall cur the pole of the AquinoRti- 
all, Apply cherctore a Ruler to the Polc of the plaine, 
2nJ to rhe Pole of the Mauinaectial ; and the point in 
which it cutteth the Limbe, warke for the tubſtie ; 
which is to bee transferred vnto the«_ircle«f the Dyal 
pliine, by taking the diſtance berweene that point, and 
the next Horiz nral imerſedion, 2nd {etting it on that 
Circle from the line parallel to the Horizren , vpward if 
the plainc be North : or downe-ward if the pl une bee 
South: and on thar fide which 15s c: ntrary to the D: cling» 
tion. The ſabſtile being thus found raw a long lie pers 
pendicwar to itgfor ;he AquinoRtial imertection. And tas, 
king a coruenient d:tance or the file from the fubſbile, 
mea'ure it vpon the fabfiile from the A uinoctiall 
inte ſeFirn ; and on' the end of that ſpace deſcribe 
the S micircle of the ZAquinoCti-l. Then looke in 
your Inſtrument how many d: grees of the Aguinotal 
are interceptzd betweene the M:ridian, and the Arch 
repreſenting your Plaine : 2nd reckoning the fame num- 
ber of degrees vpon the £quinoGtal of the Dy#: plaine, 


from th. i ble towards the fide of Dechnation, there 


make a Buatke tor the Meridian point thereot 3 28 which 
you 
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you muſt bc gin to dlatde the Aquinoctial femicircle 1.to 
houres both wayes : And that te-ng djuided, apply a ru- 
ler tothe center, and te euery cue Of the diuifions ; and 
at the points of the ſcucrall interſections of the ruler wich 
the &quinoRial interſeRion, draw the houre lincs parzl- 
tel to the ſubſtile. Set x3 at that houre line which was 
drawne at the interſection through the Meridjan point of 
the'EquinoRial : and 119 10, 9, 8,&C. on the Weſt fide : 
and I, 2, 3, 4» &c,on the Ex:t fide. Laſtly, barg the ſtile 
directly ouer the ſubſtile, and parallel co 1c, at the diſtance 
formeriy taken, | | 


XXX Vie. How by Sines and tangents 
to calcylate the places of the Meridian, 
and Subſtile, and the height of the Stile 
about it : aid the diſtance of the Meri- 
dian of the AquinoQtiall from the Sub- 
ſtile; together with the places of houre. 
lines, 69th by calculation, and alſo Geome- 
mrically. 


I haue already taught the making of all manner of 
plaine Dyals moſt caſily by the Inſtrument , for the ſaine 
height of the Pole. Bur if any man cirhcr want an Inſtru- 
ment, or elſe delireth greater ex1nefic 4 1 will alſo here 
ſhew how to pertorme the ſame uy calculauon, on the 
other ſide of the /nſtrument, £2 


In 4 plaine ere Dyall declining. 


As the Radius 

18 to the Sine of declination ; * 

So ts rhe tang. of the compl. cfthe Poles hesghr. 

tothe rang. « f the asffan e of tbe 
ſubſide jrom the Hieridean, 


2 "L- Againe 
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Againe 
 Asthe Radime 
is to the Sine of the compl, ef Declination ; 
So isthe Sine of the compl. of the Poles height, 
to the Sine of the height of the ftile 
abeue the ſubſtile, 
Thirdly 
As the Sine of the Poles height 
is to the Rad ; 
So is the tang. of Declinetion, 
to the tang. of the Difance of the CMearidian of the 
e/EquinoTiall from the ſubſlile. And this diſkanee 
iscuer leſle then go degrees. 


In 4 plaine Faſt and Weſt Inclining 
and Reclining Dyall. 


As the Radires 
1s tothe Sine of the cempl. of 1 mo 


So is the tang. of the height of the Pole, 
to the tang. of the diſtance of the ſubſtile 
from the Meridian. 
Againe 
As the Reds 
is to the Sine of / _—_ 


So is the Sine of the hes ght of the Pole, 
to the Sine of the beight of the ſtile 
abone the ſubfile. 
Thirdly, 
As the Sine of the cowpl. of the Poles bejghe, 
is to the Radimrw ; 
mnclingtion - 


So is the tang. of the compl. of { 2-fe CB IE 

to the tang. of the diffarce of the Meridian of the | 
K quinotiall frow the fabſtile, Ard this diſtance is 
elcr greater then g0 degrees, 
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In plaine Dyalls 6th declining and «iſs 
inclintng, azd reclining. 
As the Radine. 
: anclination 
is to the'Sine og ner 
Sois the tang: of Declination, 


to the tang. of the compl. of the difance of the Mer 
ridian, from the line parallel to the horizon, 


e 
Apaine 
: As Fe, 1 
is tothe Sine of the compl. of Dechnation ; 
So is the.tang. of the comp]. of the Poles height, - 
to the tang. of Baſe T. 

If the Dyall be South reclining, or North inclining,the - 
ſumme of Baſe 1, and of the complement of Inclination or 
reclination ſhall be Baſe 7]. But if the Plaine be South in- 
clining, or Notth reclining, the d5ference of Baſe 1, and of 
the complement of inclination , or reclination ſhall bee 


Baſe 11. 
Then ſay thirdly, 
As the Sine of thecompl. of Baſe 7, 
isto the Sine of the compl, or excefſe of Baſe I] ; 
So is the Sine of the height of the Pole, 
to the Sinc of the hezght of the flile 
aboue the ſnbſlile. 


Fourthly, 
As the Sine of the compl; of the beaght of 
the ftile abone the ſnbſtsle, 
istothe Sine of Declination ; 
Sois the Sine of the compl. ofthe height of the Po; 
TE | to the Sine of the compl. of the diſlence of 3he ſubſtile - 
fromthe line parakel to the horizon, | 
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Fifely | 
As the Sine of the compl. of the hesght of the file 
abone the ſubſtil*, FEES | 
is tothe Sine of Declmarsinz 
So is the Sine of the compl. of 1 — 
to the Sine « frthe diftence of rhe Meridian of the 
e/Eqnin all ſrom the jubſtule, 


And note that in South reclining, and North inclining 
Plaines, it Baſe 77 be kfle then a quaonrant, the contrary 
poic 1s eleuated aboue the Plaine : And it Baſe II be equall 
£2 a quadrant, the Plaine doth cut tte Pole of the Aqui- 
noctall. | 

N »w concerning the placing of the ſubſtile vpon the 
D;all plain (as I haue already 1n the XXP 111 Yſe ſhewed 
. for the Mcridiar:) Wee areto know, Firſt that the ſub- 
ſti cis to bedrawne vpward trom theline parallel ro the 
horiz-n,if the Plaine be Northcrne ; or downeward from 
it,it ut bee So1therne. Excepc in Nurth reciining, and 
South inc:iming Dyalis, in which the Baſe 7c xcecdeth the 
complement of itclination, end reclination : for in them 
itis quite contrary. And ſecondly that the ſubiille is to 
be drawne in the contrary {ide from the Declination. But 
in North inclining, and South reclining Dyalls, in which 
the contrary Pole is elcuated, the fubſtiic muſt be drawne 
through the center into the oppoſite quadrant of your 
Dyall circle. 


Laſtly , the howre lines in all manner of plaine 
Dyalls, ace thus to be found. 


If the ſubſtile and houre bze both on the ſame ſide of 
zhe Meridian : the arch of the XquinoQtiall berweene the 
{ubftile, ani the houre line, ſh4i!l bee cqual: to the & ff-- 
renccof the rwo oiſtances, nam:ly of the hourelinetrom 
none, and of the Mcrid1an of the Aquinoctiall fi om the 
ſubitile. Bur if the ſubſtile bee vpon one ſide ot the Me» 
* :alan, 
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ridian, and the houre on the other ſide : it hall be £q:all 
tothe ſumme thereof, Then (ay 


As the Radius 

isto the Sine of the hesghr of the ffile 
aboxe the ſubſtule ; 

So 15 the tang. of the arch of the equinoftall, betweene 
the ſnbflile and the hoare lene, 

to the rang. of the arch of the circle of your Dyall 
plane, berweene the [ubſtile and that lower line, 

Or elſe you may without calculation Geomctrically 
inſcribethe houre linzs in yals hauing centers(for how 
ro doc it in Dvals not tauing Centers, 1 hau- ey {hews- 
ed inthe X/X F/e) thus, 


Deſcribe in your Dyall plainc a line for the tile, at the 
ſame heighr or diſt .nce trom the ſubſtile, chat the true 
{tile oughtto hanz. Tak: allo inthe ſubſtiic (a Llireafon 
you {hall ſee fi ) i point, nd through ic draw at right 
angles a long line, for the contingent, cr Xqt 1inodtiall in- 
terſcticn Againe fiom the fan'e pCint ict 1ail a perpene 
dicwar vnto the ſtil : the length ot this perpend:Cul.r's 
the neareſt diſtince betweene that peint and the tile : and 
it tsalſo the diltance of che center &f the Equinoctiall 
fron that point : meaſure it therefore vpon the ſubſtile, 
the contrary way from the center of the Dyail 3 an ba» 
uing thus the center of the Aquinodtall, deicriberhere- 
vpun toward the cont 'nzent line 018 ha.fc of rhe quis. 
noRiallcncdl- ; which if the ſubſtile be the M.rifiang or 
12 acl cklinc of your Dyall,you m ſt b-gin to diuide in- 
to houres ar thc fubſtile : Bucit che ſubtlile and Ms ridta! 
of your Dyall be \cuerall lines, mw a Tu'er ro the center 
of the £quinuAtial, and to the interiedtion of the 12 4 
cloc< line with the conting: n*,and there draiv a line : this 
line (hal reethe Meridian of the AquinoRtal $ at whic' 
you muſt begin to diuide the AquinoRiall circle tint 
houres, both wayes Thcn applying arulecr vnrot: eccner 


ot the Equinotial & cuery one of zhuſe dinifioas, whe: e 
the 
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the ruler in cnery place ſhal cut the contingent line, there 
makea marke : and laſtly, through cuery one of thoſe 
marks from the center of the Dyall,draw the houre lines 
them(cluecs. 

And if in any hoore line it ſhall happen, that the ruler 
fo applied will notreach re interſecat the contingent line: 
you may thus help yourſelfe. Which rule alſo may ſerue 
youto find the Meridian of the AquinoRiali,as often as 
the interſeaion of the Meridian of the Dyall with the 
contingent, falleth without your pap:r or plaine. 

Draw the houre line as farre as it will goe. And take 
with your Compaſſcs the diftance of the interſe&tion 
point of the conringent with the ſubRtile, both from the 
center of the Dyal, & frothe center of the XquinoRial. 
And taking at alladuenturea point inthe contir.gent line, 
on that ſide in which the houre line is,meaſure from that 
point on the contingent,both thoſe diſtances : and at the 
ends of them both draw two lines parallel to the ſubſtile, 
croſſing the contingent, Then applying a ruler to the 
point, which you tooke ar all aducnturc,and to the inter- 
ſeton of the parallel , which hath the diſtance of thar 
center , whence the houre line giuen proceedeth, with 
that houre line : where the rulcr ſhall cat the other pa- 
rallel, make a prick : and meaſurethe diſtance betweene 
that prick and the cantingent, vpon the former parallel, 
en the other {ide of the contingent. Laſtly, our of the 
proper center through the end of that meaſure, draw a 
line : which ſhall berhar you deſire. 

An example of this Geometricall way of delineating the 
hogre lies you ſhall finde in the deſcription of a South wprighs 
Dyall declimmg 35 degr, and reclining degr. 41 min. 30,by 

J 8 & my 
confidering whereof theſe rules Will be fonnd exceeding plainely 
ſet downe + As alſo all the other rules and obſernations here de- 
linered , to one that 14 any Whit pregnant and ingenious, Will 
neede no other exemplification,then the inſp;itzon of the inſ{ru- 


ent ut ſelfe, and of theſe ſeuerall Dyalls feloWwing 
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'A Neth Dyall declining Faſtwar as 1 "7 deg. 
reclining 41 deg, 30 min. Latitude 5 1 deg 


30 min, 


A Horizontall Dr all. 
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South diredt rClining xqual{rothecom- «+ 
_ plcment of the pies hcigir, 
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4 35-30 
Weſt dire vpright. 


North 


F aft direct reclining 3 2 CCg, 
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Sou h vpright declining Eaſtward 3 5 deg. 
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7s &'4 South 


South declini no Weſtward *6 degr. 
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Sour declining Weſtward 6 1 degr. 
Re clining 21 d6o. g' min, 


The Tranſlater to the Readers, 


Courteous Readers , by reaſon of my abſence while thi 
ww 1k: vwasSintihc P: «fe, i©me faults haue elcaped , which 
other viſe might hiypily baue bin avoyded :; tor the Com= 
p5z:r b. ing vnecquaiiutesd with that manner © Equations 
expreſſed by feiters, where any frattin was On the one (1 e. be 
m:itpiaced them a little out of order, which ought to hauzs 


bin {ct thus 


Rt, muta —xjnRing 


— AE Z 


D 
Ot: her ſmall fants, e1:her letters miſtzken, or points wi: 
plce?, | requeſt you ro amend, where you find the m amillcs 
the chic f-ſt tht | have + er noted are thete which tollow ; 
ana are thus to be correaed, 


Pag.1r1, inthe table for, $2 rake N. pag. 16 Hin 24 vnto 
108 33+; P'8-35 /n,5,61 hy 36,4n,11 I 7:48 P 36, 
ln.14 147 45 « 30+ +» Peqightniig, 112472 

'O Cylindr cal 
pag 532lin 4 13 it falſe. why 
; 0 coconfirme an error ? 
pag.56, lin 6, 4 roodlands & lin 14diminutine p4g 574.14, 
opinion 1s, thatat I,vndon a Cyl.nauucal veſſel pag. 94, tn. 
21, aciicic, or go Iegrees. =» 

pag 99, Inthe triangle F'/, the (mall line in the angle B, 
ſhewtne 1t to be giuen, 1s wan ing. Pag 1:0 A ter the tits 
angle V!1 line 2, and then the file DC, vy the 1/7 . 

And in the triangle F717, tct A arthe end of the pricked 
perpendicular line. Pag 142, /anelo, to the tangene of tlie 
arch ot pag 143, {ne z, In North reclining, an. South 1n- 
ciining piatics Pl g2, line 30, North Dyaud.ciinng Eats 
wards 35 degr. 


AN ADDITION 


VNTO THE VSE 


OF THE. INSTRVMENT 


CALLED THE CIRCLES OP 
PRoPO R T1 ON» Forthe Working 
of Namticall Queſtions. 


Toxzether with certaine neceſſary Conſi- 


derations and Advertiſements touching 
NAVIGATION. 


All which, as alſo the former Rules concerning 


this Inſtrument are to bee wrought not onely 
Inſtramentally, but with the p nne, by Arith- 
meticke, and the Canon of - 
Triangles. 


Hereunto is alſo annexed the excellent Vſe of two 
Rulers for Calcs/ation, 


Andis to follow after the 11x Page: 
: of the firſt Part, | 
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OF NAVIGATION 


CHAP. I. 


Certaine generall Advertiſements concerning the 
aſe of this Inſlrument , together with the de- 
ſcription of ſuch Circles as are newly added 
therets, ſerving for Navigation. | 


{7 Inſtrument, [| was carefull to doe it with 
/7; as much plainenefſe and perſpicuity, as 
> might be in a \ubje noras yet obvious 

to vulgar knowledge, ſo that any one 
but moderately exerciſed in Arithmeticke and Geo- 
metrie, might (as | conceived) apprehend the workes 
and praRices taught thereta, Bur being fince certi- 
fed that ſome few difficulties ſeeme, . or indeed rather 
are feared, tobe in the manner of the delivery of theſe 
Rules : 1 thought it would not bee impertinent, and a- 
lien from this preſent parpoſe, if in the very beginning 
I ſhall endeavour to explane ſuch: doubes, for the fatis- 
Aion of any that ſhall ticke therear. | | 


The fcruples, which chicfely ſeeme t6 cauſe their 
*© difficultic, are theſe ewo : Fiilt, rhat the parts or fra- 
A 2 © ions 


Hen I penned the rules which havebeen The firf part 
formerly ſet out to ſhew the uſe of this of 9 Chapter. 
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« ons are not ſet downe with their Numerator and 
t Denominator, as is uſuaHy done; but are conteined 
« with the whole Numbers, as it were in one fiimme, 
< with a ſmall refangularline only between them to ſe- 
< parate the parts from the Integers. And ſecondly,moſt 
T of the examples arenot wronght art large,but the ſum-. 
* marie and finall reſolution thereof briefely intimated. 
The former of which two ſcrvples ariſcth from the ig- 
norance of the true nature and manftier of Decimall fra- 
ions : and the latter, from want of rightly conſide- 
ring the Rules, whereby the yalare of the number 
emergent or found out by proportion, and other A- 
rithmeticall operations, is eſtimated : whichare thoſe 
that are delivored in the fecond and fifth Chapters of 
the firſt part of that booke, 


That wee may the better conceive the-na!ure of De- 
cimall fraftions, let us imagine a line either ſtraight or 
circular, of any length, bee it a foot, ora yard, or one 
degree, or many ; orelſe an ture, or aday, or any 0- 
ther continuity. This being conſidered in it ſelfe in- 
tire and undivided isan Vnite or one whole thing of 
thatkind, as one foot, one degree, one houre, &c. 
Then imagine that Vnite or whole to bee divided 
to xo equall parts, that whole ſhallbee 10. Againe 
imagine every one of thoſe tenth partes to bee ſub- 
divided into 10: the whole ſhall bee 100, and each 
firſt divifion ſhall bee. 10 : and theſe ſecond divi- 
ſions ſhall bee hundreth partes. Thirdly, imagine 
evcty one of thoſe hundreth partes ſubdivideJ in- 
to 10: the whole ſhall bee rooo, and each firſt divi- 
ſion ſhall bee 100: and each ſecond diviſion halt bee 
10 -and theſe third diviſions ſhall bee thoufanth parts. 
And fo proceeding in this Decimail ſubdiviſion:,- you 
may in youf imagimat1on divide the Vnire or whole 
into ten-thouſanth parts, and hundred-thoufanth _ 


- 
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and millioneth parts, and ſo infinicely, And ſo that 
ſegment whichinthe firſt divifion was 16, 30, 30, &c. 
fhall in the ſecond diviſion bee 100, 205,395, &c. and 
in the third diviſion 1000, 2000, 3000, &c. As for 
example, ; 
Bb IS — Or 
39 100 10950 10020 100 
752 or + ef and Le] is 379? or Loo *& 
1005) .T ©QOO Ivo IoO0000 I 00000 


0 00 000 ; 
3 —_— or 3 ' in _"—_ 18 


C. 


Hence followeth that you may encreaſe the Nume- 
retor of any Decimall fration by putting thereto as 
many cyphers orcir-les as you pleaſe withour altering 
the quantity thereof, ſo that alſo you joyn»: ſo many cy- 
phers to the Denominator, 


Now therfore a Decimall fraltion is that which hath 
for hu Denominator the figure 1 with one or moe circles 
after it, as 10,100,1005,8&c. And ſeeing the uſe of the 
Denominator ina fration isto ſhew into how many 
ſach pwrts the whole or Vnite is divided : ifother- 
wiſe by any convenient itgne the Denominator may 
eaſily and certainely bee knowne by the Numerator 
onely, it will bee a needeleſſe fabour till co fer 3c 
downe, 


The moſt fit and convenient figne to know the De- 
nominator ofa Decimall fraftion fs by « ſeparating Line, 
For if thenumber mixed of integers and parts be writ- 
ten together in« ne ranke, with a ſmall reangularline 
drawne next after the Vnite place , cutting off the 
parts from the Integers : the number of figures or 
places in the parts ſo cut off ſhall ſhew how many cir- 
cles or cyphers are to bee ſer after 1 in the Denomi»a- 
Az} ror 
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ror As for example, 3700 wall onewith 37007; rhat 
is 3700 Vnirs, and ſixetenth parts.” Againe 390106 is 
all one with 376; ," becauſe after the Rparating line 
follow two tigates 06, Iikewiſe 39,006 is all one 
with 37.0 ,. becauſe three figures 006 follow the 
ſeparating line. Alſo 317225 Is all one with 322% , 
And 0137006 is all one with 47:24, "that is no unite at 
all, but chat fraRtion only. And 01937226 is all one 
with ,e2:5;, becauſe after the ſeparating line are ſixe 
places of tigurss ©37006. By all which diverſities of 
placing the ſeparating line 1t is apparant that the nwm- 
ber of circl:s in the Dezominator of any Decimall frating 
wenſt bee equal! to theunmber of places of figures following 


the ſeparating line, RE 


W herfore though there be no Vnite, but that it be 
a pure fraction, yet zr will be convensent to note the V nite 
place with a circle before the ſeparating Line ; that ſo 
the value of the fraction, through the number of places 
therein may more plainely a,;pcare. 


And beſides rhat the ſetting of Dzcimall parts thus 
in one line with the Integers, hath more concinnity 
and neatn«fſe with ir, then either with a Denominator, 

'or by noting (as ſome have done) with ſinalt Egures 
the primes, ſeconds, thirds, and thereſt. Theſe fia- 
ions both mixt and pure are ready without any fur- 
ter reduction, for any Arithmericall operation. 


For in efddition and Subduttinn, the numbers gi- 
ven, being fired together by their ſeparating lines , 
having the like places or degrees fet under one ano- 
ther, .cach in their owne file, may be added or ſubdn- 
ed in the very ſame manner as jt they were all whole 
numbers, 


And in 44«1riplication the numbers-gtiven being mul- 
| tiplyed 


© rR—_ — 


——_ ty ee rr re 


Of Navipation. 


OO mn——_ - — ————< VI 


.- « tiplyedone by the other, according to the uſuall man- 


ner of whole numbers , the produ& found cur ſhall 
have ſo many places of parts, as are in both the num- 
bers multiplyed. , 

And in D#iviſiex the ordinary manner of whole num - 
bers is tobeeuſed ; onely remembring that every fi- 
gure of the Quotient ſhall be of that degree, whereof 
that figure of the Dividend is, uader which the Vnice 
place ſtandeth in the finding our of it, is. 


Thus have I with as much plaineneſle and lrevitie 
as poſſibly I could cleered zhe firſt [cruple, by ſhewing the 
truercaſon of Decimall frattions, 


The ſecond, conceived difficultic is for not ſerting 
downe at large the operation of moſt of the Examples, 
but onely of ſome few hereand there, 


It is true that in every worke I doe not fay (as ſome 
have done) bring that hither, or remove this rhither : 
Bur having firſt taughttÞe manner of working propor- 
tions upon the Inſtiument, and alſo delivered proper 
rules for particular queſtions, and wrought at the fall 
ſumme of rhe hardeſt, I would not in eve: y Ex:mple 
ſhew thelike puncuallneſſe, that neither I might blunt 
the edge andinduftrie of the ingenious Praticer with 
roo much eaſinefle, northe Booke grow toan enormous 
bulke and greatnefle, 


That therefore the ftudious Reader may not need 
ſuch verboſity and tzdious inſtructions, he is to be ad- 
viſed oftentifnes (and that attentively) to p-ruſe rhe 
firſt chapter of the firſt part , where the de/cripiing 
and uſe of the ſeverall carcles are declared: ani! 3){o the. 
ſecond Claprer concerning the working of prope. $15, 
Ain 
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and of Afultiplication and Divifios : and therein thoſe 
foure Conftacrations , or Rules for finding ont the trac 
value of the fourth or emergent number ſought for : And 
thereto the fifth Chapter of the quadrating and Ca- 
bing of numbers. For in alligning a true quantitic un- 
to the Emergent number lyeth the greatett difficultie 
of this operation , eſpecially if the worke bee in the 
fourth Circle. 


In Signes and Tangents itisnot altogether fo hard; 
becauſe all the revo'utions or circuits of both are aXi- 
ally ſer downe in ſeverall Circles. 


- The S:gnes have two Circles, which in. this #ew 4d- 
ditament for Navigation are theſe; The renth Circle 
from about z 5 minutes, unto 6 Degrees ;. and the Firf 
from 6 Degrees, to 90, the end of the Quadrant, 


The Tangents have foure Circles : ramely the 
Alinth from about 35. minutes to 6 Degrees. The 
Second from 6- Degrees to 45. The Third from 45x. 
Begreesto 84. And the Eighth from 84 Degrees till 
about 89.Degr. and 25 minutes, = 80S 


But the. fourth Circle being atually bur one, doth 
potentially containeall Degrees and places both of In- 
regers and Dccimall parts, For the nine figures written 
in the ſpaces may fignify unxes , or tennes, or hun- 
dreds, &c. or elſe tenth parts, or hundreth parts, or. 
choaſanth parts, &c. | 


If any »wwber be tobe conſtitured upon the fowrth 
Cercle of the Inſtrument, ategy i yoo = of wal 
nine figuresin the ſpaces for the ignificant e. 
ef that number : and among the ſubdivifions thereof 
reckon the.true poynt or place of the number propoſed. 


\ 
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As if 2 were propoſed : ſeeke the figure 3 inthe ſpaces, 
& upon that le ſer one arme ofthe Index. Again if 375 
be propoſed: ſecke the firſt figure 3 in the ſpaces : andin 
the ſubdiviſions from 3 towards 4 account 75-: and at 
the end thereof ſet one arme of the Index.- Likewiſe 
if 0992 bee propoſed : becauſe the two Circles are not 
ſigniticant, feeke the figure 9 in the ſpaces: and in the 
greater diviſions thereof from 9 towards 1 account 2, 
' and there ſet onearme of the index, 


If any. ratio bee propoſed to bee taken on the Inftru- 
ment : ſetthe two armes of the Index upon the two 
termes of the ratio found out, as was even now taught. 
Then confider the diſtanee or arch betweene thoſe two 
rermes, counting from the place of the Antecedent to 
the place of the conſequent forward , or according to 
the order of the figures, if the antecedent rerme bee 

leffe then the conſequent : Or elſe backward, contra- 
ry to the order of the figures, if the antecedent bee 
greater. 


Thisdiſtance or arch betweene the places of the two 
termes in the-{nſtrament (which is alſo the aperture 
of the armes e Index) I may fitly call the /»//r- 
mentall differewe g but it 1s not evermore the real or 
true difference @ which alſo is moſt needefull to bee 
knowne. The rales whereofare theſe three. 


Firſt , if either the numbers given be of the fame de- 
gree- Or if they differ but one degree, and the /ine of 
the Radjins fall betweene the places ef the two termes 
in the Inftrumenr : the I»ſtrawentall difference ſhall alſo 
be the irne and real. | 


Secondly, if the numbers given beenot of the ” 


degree, and the live of :the Radins fall nox Þ © - fame 
; : JEelweene 


a er 


PE ee ee yo 


god tte Le "Bis 


_—  _—_—c——cr: 


uF Navization. 


the places of the two termes in the Inſtrument : looke 
how many degrees the numbers difter one from the 
other, ſo many whole circuits of the fowrth Circle ſhall 
bee added to the 1»ſtramentall difference to make the 
reall er true d ifference, | 


Thirdly, if the numbers given be not of the ſame de- 
gree, and the /5ne of the Radins doth fall berweene the 
places of the ewo termcs in the Inſtrument : looke 
how many degrees the numbers differ, ſo many whole 
circuits, wanting one, of the fourth Circle ſhall beadded 


. cothe I»ſtrumentall difference to make the reall. 


As in example: If the rat#o of 375 to 2 bepropoſed:the 
ſame being taken upon the Inftrument ; the r-ze d:ffe- 
rexcebetweene them, over and above the arch or angle 
of aperture, ſhall bee two whole circuics, by the ſecond 
rule. And ifthe ratio of 375 to0,92 be propoſed : the 
fame being taken upon the Inftrument ; the !r«c arffe- 
rexuce betweene them, over and aboye the arch or angle 
of aperture, ſhall, by the third rule bee bug three whole 
circuits, (although the termes differ foureteg rees) be- 
cauſe the /ine of the Rqains falleth wirhigfhar arch, rec- 
koning it from the antecedent ar meg 2 conſequent 


backwarl. 
F. 4% 


Againe, the antecedent terme of ay/#gbecing gi- 
ven, together with thereall or rrne- ds Wc (that is 
both the dye aperture of the Index, angforrhe num- 
ber of cixauits) berweene the: ternes; Md whether of 
the. two. bee the greater © it isalfo neWefull ro know- 
how te eftimatethe-conſequentterme. Therules where- 


efare theſe two.. 


Fourthly, if the true difference kee leffe thononecir- 
cait, "nd the /ve- of the. Rad fall nor ———_— 
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places of the two termes; the numbers areborh of the 


ſame degree. But if the &#xe of the Kadir fall between 
them they differ one degree, 


Fiftly, if the true difference containe one or more cir- 
cuits, and the /ine of the Raarue fall not betweene the 
places of the two termes ; the numbers differ ſo many 
dereesas there are whole circuits. Bur if the /ine of the 
Radirs fall betweene them they differ one degree more 
then thereare whole circuits, 


As in example: }fthe ratio of 375 to2 be propoſed : 
and alſo another antecedent 01292 : unto which a pro- 
portionall 'conſequent js required to be ſought. Becauſe 
rhe r74e difference of 292 unto his conſequent in the In- 
ſtrument is equall to the trae difference of 375 to 2, 
that is two whole circuits more then the aperture : and 
the antecedent 01292 is greater then the conſequent 
ſought for : ſer the antecedent arme of the Index up- 
on 01292, and rhe conſequent arme reckoning back e- 
ward, atthe ſame aperture, will cut 454, Burt of what 
vailue or degregthis fourth number 1s, is yet uncertaine. 
Now foraſmnuchgag>the real difference betweene the 
termes of the »#@gpropofed is two whole circles above 
the aperture,aswas ſhewed in the former example after 
thethird me; And in this preſent poſition of the In- 
dex the /in? of the Radirs falleth not between the armes : 
the deference of degrees ſhall alſobeerwo, by the fifth 
rule. W herefore the- firſt figure of 494 ſhall bee two 
whole degrees backeward from the. firſt ſignificant fi- 
gure of 0992 that is 0129949+ (viz) ſomewhat better 
then 49 hundred thouſand parts, 


Againe, if theratso of 375 t001,992 be propoſed : and 
alfo another antecedent 2, unto which a proportionall 
conſequent is required to bee ſought, Becauſe the true 

babe [0 B 2 difference 
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difference of 2 unto his conſequent in the inſtrument, is 
equail to the :rae difference of 375 tg 0199? : and the 
antecedent 2 is greacer then the conſequeat ſougt.tfor, 
Set the antece.ient arine of the Index upon 2, and the 
conſequent arme. reckoning backward at the ſame aper- 
ture will cur 49+ as before. Now foraſinuch as the re- 
all difference betweene the termes propoſed is three 
whole circuits above the aperture of the Index, as was 
ſhewed in the latter example after the third rule, And 
in this p:eſent poſition of rhe Index the 4re of the Ra- 
dirs failerh betweene the armes the difference of de- 
grees ſhall be one more then three, that is foure by the 
fifth rule; wherefore the firſt figure of 49+ {hall bee 
foure whole degrees back ward froin 2, that is 0,00 145-4, 
J will conclude this parc, with a ſ:m.nary recapitula- 
tion of all rhe for aer rules into thele two branches. 


The termes of arati9 being propoſed, to fird the reall 
Ir true diff-rence betweene their places 1a the fourth car- 
cle of the inftr ament. I. 1feuher the numbers groen 
be of the ſame aegree : or elſe. differ but one degree, the 
line of 1 falling b:tweene them: they differ leſſe then a 
carcmite, Il. If the numbers bee not of the ſame degree : 
they arffer {o many whole ciruits as the 'y doe degrees, But 
er af the line. of 1 fall betweene them : they differ one car- 


-- 


cait le ſſe. 


The antecedent terme of a ratio being given , tegether 
with the reall or true difference of the termes in the Inftru- 
ment : to find out the conſequent terme, I. If there- 
all difference be leſſe then one circuit , and the line of 1 fall 
not betweene the places of the two termes; the. numbers 
are both of the ſame degree. But if the line of 1 fall be- 
eweene the places : they differ one degree, II. f there- 


all difference containe one Or moe circuits: the numbers 


differ-ſo many degrees as. there are whole circuits, But if 
He” | NY the 
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cbr: lin of 1 fall betweene the places : they differ one de» 


gree more. 


Thus have I with as much perſpicuouſnefſe as I am 
able, explained rhe generall rules of working by this 
Intrument, which have beene 4elivered in the firſt, 
ſecond, and fifth Chapters of the firft part : and exem- | 
plifyed the documents with as hard exampies as any I | 
could bethinke my ſelfe of. And now 1 ſuppoſe the 
ſolertions praQtizer will bee able eaſily to finde our a 
fourth pro>ortionall untoany three nambers given, and 
certainely to eſtimate the value thereof: ſo that now 
he will nor be troubled for wanr of working the Que- 
ſtions at large, 


For the uſe of Navigation are added two cireles, Tie ſecondpa t 
the ſixth and the ſeventh : anda ſmall alteration in the of this Chapter. 
fifth, For the fifth circle is here divided alſo into 50 
parts : and is conceived to have two circuits, The firſt 
ciremt is unto 50: The ſecond cironit from 5o unto 100. 

W herefore the fignres are dowbly noted; on the neerer 
fide of the long lines of tenth diviſions are ſer 10, 20, 3c, 
49, 50, for the firft cirenit : And on the farther fide of 
thoſe lines are ſet 60, 70, 80,9, forthe /econd circurt, 

And the ten ſabdivifions in every one of thoſe 50 parts 

are the Decimal! parts thereof, 


The 6xth and /eventh circles are divided into degrees: . 
and every degree into ten parts , containing 6 minutes, 
or rather 10 -hundreth parts a piece, The ſixth circle 
hath the degrees unto 441* : and the ſeventh circle hath 
from 44,5 unto 70. And theſe degrees: ſerve fo: ſona- 
ny ſeverall Luritndes , or Elevations of the Pole, . 


]he manner of uſing theſe circles is double.- Firſt, 
Two Latitudes being grven in the ſame Hemiſphere , that 
rn 2 B 3 _ = 
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1: both Northerne , or both Soxtherne, to findthe ſumme of 
all the Secants betweene them, Set one arme of the Index 
upon one Latitade and the other arme upon the other ; 
then remove the arme that flood upon the /eſſer Lari- 
tude unto the /ine of the Radirs : and the other arme 
with the fame opening, ſhall in the fifth circle givethe 
number of Secants betweene the two Latitudes propoſed, 
As if the number of Secants betweene theſe twe heights 
of the Pole 48:3 and 5617 bee deſired. Set one arme 
ofthe Index upon 48:3 and the other arme upon 56,7 : 
then remove that arme that ſtoood upon 4813 unto the 
line of the Radius : and the other arme with the fame 
opening, ſhallin the /ifth circle give 131353 , the num- 
ber of Secants betweene the two Latitudes propoſed. 


Secondly , The ſumme of all the Secants between twa, 
Latitudes inthe ſame Hemiſphere being given ,' together 
with oze of the Latitwdes, to find the other Latitude, Set 
one arme of the Index on the /:e of the Radins , and 
open the other arme unto the /ze»me of Secants giver 
(inthe fifth circle) : then remove the arme that ſtood 
on the line of the Kadirns tothe Latitude given, if it be 
the /eſſer :. or if the Latitude given be the greater , re- 
move thar arme thar ſtood at the end of the /umme of 
the Secants , unto that greater Latitrde : and the other 
arme ac the ſame opening ſhall give the other Latitude. 
As if there begiven 131%53 the ſumme of Secants from 
the Latitzze of 48:3 to the Pole-ward : Set one of the 
armes of the Index on the /:ine of the Radins , and the o- 
ther arme at 131853 in rhe fifth circle. Then remove 
the arme that ſtood at the /ine of the Radins , unto the 
Latitnde 4813 : and the other arme, at-the fame ope- 

' ning ſhallpoint.to 5617 the degrees of: theother Latitude 
ſought for. Againe, if the fame /trmme of Secants 13853 , 
with the greater Latitude $67 degrees, begiven : ſer 
.one of thearmes of the Index.on the tine of che. Rading, 
| IJ "mm 
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and the other arme at 1 31353 inthe fifth circle Then re- 
move the arme- thar ſtood at 131853 , unto 567 degr : 
the greater” Latitude , and the other arme, at the ſame 


%, opening ſhall cut 4813 deg : which is the /-ſer Latirude 
_ tought for. . 
7 Andif the two Latitudes be inthe ſeverall Hemiſphares, 
" that tone Northerne axd the other Southerne, the manner 
4 of working differeth in effeft but little frons the former,” As 
if the /#»mme of the Seeants berweene theſe two heights 
e_ of the Pole, ,v:z;. 615_on the North: fide of the Equina- 
a fall, and 134 on the Sonth fide bee'defired. Ser one 
<A arme of the Index 9» the /ine of the Radins,, and the 0- 
ther arme on either of the Latitwdes given,ſappoſe on 65 - 
Then bring that arme on 615 unto the line of the Radire : 
". and where-the other arme, at that opening. chanecth ro 
hs light, there hold ir faſt : and open the arme that ſtan-= 
t derh on the line of the Rgains , unto the other Latitude 
4 1314 - Afterward bring thearme that ſtood on the for- 
A m:r Latitude 65 unto the line of the Radirs , and the 
d other arme, at the ſame opening, ſhall in the fifth circle 
4 cut 201237, the ſumme of the [ecants ſought for, 
f Laſtly, tbe ſnrmme of allkthe Secants betweene two La» 
7 titudes, of which one 1400 che North fide of thes/Equine- 
"ſ fiak, aud the other on the South fide, being given ; .toge=- 
nN ther with one of the Latitwdes, to find the other Lantink : 
\c As if the /Advave of the Secants bee 201937 andthe Lati« 
*Y #nde degr : 6x4 . Setone of thearmes of the Index at the : 
Ee line of the Radins : & openthe other arme unto 2c37 in - 
1e the fifth circle : and keeping the fam* aperture, bing 
2- this latter arme unto the Latirt: 61_: and wherethe Fg 
le former arme ſhall light,there hold i: faſt, drawing in the 
K latrer arme to the line of che Radine, Laſtly with this new 
et opening b: ing the other arme to the /ine of the radins:and 


fo ſhall you find 1314., the other Larr5nde ſonght for. _ 
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Or elſe peradventure you may more eaſtly find aut the 
[umme of the Secants betweene any two Latitnder gruey, 
rhus : Sethe edge of rhe Index upon one of the Lazi- 
tides © and looke what diviſion it catteth -ini the. Sth 
circle : keepe it in mind, Againe,ſet the edge of the In- 
dex upon the other of the Latirmdes: and looke what 
diviſion it cutteth in the fifth circle : keepe that in mind 
alſo. Theſe two numbers kept in mind are the ſummes of 
the Secants for the two Latitudes given: Andareto bee 
ſabdulled one out of the other, if the Latitudes are both in 
the ſame Hemiſphere: or elſe to be added together, if the 
Latitudes are in diverſe Hemiſpheares, 


Alfo in like manner, The ſumme of the Secants and one 
of the Latitndes being given, you may find out the other La- 
ritude, thus : Set the edge of the Index upon the Lari- 
zude given; and looke what divifion it cutteth in the 
fifth circle. To this number adde the ſumme of the Secants, 
if the /eſſer of the two Latitudes be given: Or elſe ont of 
it /abdutt the ſumme of the Secants, if the greater of the 
two Latitudes bee given. But if the two Latitudes are in 
the contrary Hemiſpheres, the number found in the fifth 
circle igto be ſubdufted out of the /umme of the Secants:; 
And ſo ſhall you have the other Latitude, 
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Of the Latitade, and Longitude of plicerim' | 
- +  -penerall + and of keeping the atrount of 
$izne at Sea, | 


Pea. He care and skill of the perfe&t Sea-man is to 

RX guide the ſhip at{ea unto any port that'ſhal 

= - deſired : which cannot be done unleſſ 

SJ 8 he bee able to find out in 51 what place the 
bow 2. /b:þ 15 at any tine. | 


The place of the ſhip at [eas eftimared and underſtood 
$y comparing 4t with any knowne place: that is how much 
the [ame is ſituated from the place, where the Ship's, either 
toward the North or South, which ts called the difference of 
Latitude : wr elſe toward the Exaft or Weſt, whith #enlted 
the differ ence of Longitude, For itbeing once knowne 
how farre any place upon the Globe of the earth is wide 
of the eAEquixnottiall unto either Pole : and alfo how farre 
the Meriding 'of the fame i diſtant from the Meridian 
of an 4 _—_— place: the rrwe fithration thereof is faid 

to de nad, 


The Latirnde or diſtance of the place wherein the 
Ship is from the £quinoQiall (which is all one with 
the height of 'the Pole there) # raken by obſervation of 
the Meridionall altitude, either of the Sunne by day, or 
of any Starre by night : 'as Is nor imknowne toalmoſt 
every common Mariner : Or alſo by the 47 propoſition 
of the:ys :Chapret of the firſt Part, And rherefore be- 
ing fo vulgarly knowre, ad tinght of moſt rhat write 
Navigation, ! "(ball-not need to ſpend rimeabour it : 
wk : C _* Efpeck 
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Of N avieation. 
Eſpecially my intent here being to teach the uſe of ney Tn- 
ftrument only intracing the Ships courſe, 


—  ——— ———_—_—  — 


The Longitude of the place wherein the Ship is, that 
is the Eafterly or Weſterly diſtance of the Ship from 
the place whence the Voyage began, is the difficultie, 
and Maſter-piece of Nguticall ſcience : W hich hath ſet 
on worke the wits and inventions of many men , pro- 
eceding therein on diverſe grounds, 


For ſome have laboured ts find the reaſon thereof by 
the variation of the Magneticall needle , ſuppoſing cer- 
taine Poles or points, tmto which the ends of the needle 
doth in all places exaly reſpet. Bur beſides that the 
Meridian 14 difficultly ts be had with ſufficient preciſe- 
neſſe, eſpecially at Sea, where the chizfeſt uſe of Longitude 
& : the conceipt is only imagitary, withour the warrant 
_ of any narfira]l principle. 


Some conſidering the ſwifneſſe of the motion of the 
Afvone,which is every day above 13 degrees, have ſup- 
poſed that either by the true place of the Moone, to be ob- 
ſerved by exat Inſtruments ; or elfe by the moment of 
the eMooxes comming intothe Meridian, the Longitude 
might bee obtained. But neither the m-74e- motion of the: 
Moone 14 ſo exattly knowne, nor obſervation can at Sea bee 
ſo preciſely made,that any certaine truth in ſo. /xbtile a bu- 
fineſſe may be argued thereby, | | 


Some- have thonght to obſerve' the Longitude with: 
automate. or artificiall motions of long continuance ; 
but not without great errout and hallucination, 


Some by S,ard-glefery,ar Watergleſſes:; bur both ob- 
noxious: to:the diverſe alterations and - temperatures of: 
theaire andelimate wherein they are, eſpecallythat'ef 
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ſand, The other by water i mare probable : wherein I 
ſhould, in my judgement, prefcrre ſome chymicall fpirie 
er liquor : -becauſcit is not ſo ſabjet ro.the imprelfion 
ofthe aire.' And that there ſhould be three g/afſes uſed, 
one to runne,'and two' to receive ficceſfively': That 
whichrunneth tobe open abovye, to poure in the liquor, 
and to letin the aire, that the iſſue of the water be not 
hindred for want of aire to ſupply the vacuitie : The 
receivers to be cylindricall, with markes ſet on the out- 
fide diftinguifhing haures and parts ; and that there bee 
two of them, that when the liquor iscometo the juſt 
height, another may inſtantly bee ſubſticured, withour 
lofſe of any liquor or time. -This manner of obſerving the 
time is, in my opinion, the moſt likely of any that I 
know inuſe to conduce tothe attaining of the difference 
of Longitndes of places. For by this meanes the zr=e 
time in the place where the account beganne being 
knowne ; and the !ime by o9b/ervatzon of the yunne or 
ſome Starre in the place, whither the Ship is come, being 
found ; the difference of theſe times reſolved into de- 
grees of the Aquinoctiall will ſhew rhe difference of 
Longitude berweene the place of beginning the account, 
and the place where the Ship is, Paftmard, if the excefſe 
be of thet1me ia the former place © or Yeſtward, if the 
excefſe be of the time in the preſent place of the Ship. . 


And in this manner of keeping the reckoning of Longi- 
:#de it will beeexpedicnt'ro make as frequent obſervati- 
ons as the ſerenity of the'skye will permit : that there- 
by your account may the rather bee freed from fach 
ſubreptious erronrs , which elſe will bee very ii- 
6idene- 7 0 5 24 3 7 op TE PR BOON 
-”" Thiso? any fach way of leeping the rime, which 
hall by experience bee found moſt certaine Guneill i 
ſhall pleaſe God te open a more naturall and proper 
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£ way for the diſcoyery of Loygitnae,) I would adviſe 

| were carefully, and with a kind as it were of religious 

diligence praRtiſed in all, ſpecially long voyages : and 

that in comprne and tracing the comr/e of the Ship by 
{ 


the -Compaſſe-and log-line,, it alſo together with the 
Latitude obſerved be Aikreetly called into conſultation. 
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of the Mariners Compaſle, 49d Rumbes 
| or, points thereof : andof finding the 
circuit ofthe carth in.miles. | 


SDS4 Here be forre things therforewhereof 4 Sea- 
"> man fhoutd be maſt careful & circumppett, 
0 that he may happily, with proſperaus fac- 

Ng. ceſſe and a good conſcience performe his: 
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The ſecond is the meaſure of. the Ships way oxi the 
Rumbe or point, which is ordinarily reckoned in miles ; 
ſuppoſing 4 mile on earth to anſwer to a minute of 4 Ae- 
gree; and that 60 mls on a great circle give the aiffe= 
rence of one whole degree. Bat 1 tather reckon the Way 
of the Ship in bundrerh parts of a degree, and have framed 
my rules of Navigation thereto : becauſe this hath a 
more eaſy and convenient calculation then that by ſexa- 
geſine parts: andas Ibeleeve (for ſo 1 would haveir) 
will hereafter grow into publike uſe. This »eaſuye or” 
quantity of the Ships way #: found by the Log g-line and mi« 
vnte-glaſſe. ; 


The cther twa are; The obſervation of Latitude 
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and kept to the juſt point or Rumbe : and not to commit 
his owne andall his companies fafety,and the good ſuc- 
 cefſe of the voyage to the »egligence of a looſe and idle 
Steerer man. whereby it cannot be bur that theaccountof 
the Ship ſhall be much conſounded,and made uncertaine. 


 Againe for meg/xring of. the quantity. of the ſhips way, 
It wouſt firſt be knowne how many Engliſh feet of 12 inches 
to the foot, anſwer to one degree of agreat circle upon the 
earth, For if this be enormouſly miftaken, it cannot bee 
that the computation of the Ships courſe ſhall agree 
with the obſervations : but muſt needes make a maine 
difference, to the amazement of the Sea-man., and the 
caſting of the whole Ship and company into unforeſcenc 
dangers. | 


Now an Engliſs mile by flatute us the length of 8 fur- 
longs : and every furlong u 40 perches : and a perch #4 
feet 16* : ſo that by this reckoning a mile contamerh 
5280 feer in length : thouzh it be #/#afy taken, or rather 
wiftaken , that 6o of ſuch miles make a degree (which 
would bee very ſtrange, that our Engliſh mile drawne 
from Barley. cornes. ſhould ſo happily fall out to an- 
{wer to one minute). yet the truth is that above 66 of 
our miles anſwer to a degree, as by the obſervations of the 
moſt diligent enquirers is found out : ſo that in voyding 
of every ten-degrees abeve one degree is loſt : which is 
a maine enormity, But of this enquirie it will aot bee” 
amifſe from our purpoſe if we ſhall alitcle diſcou. ſe.. 


Diverſe wajes by diverſe Artiſts have beenepractiſed 
for finding ont the true compaſſe of the earth : Andil know 
not whether any have giyen full GrisfaRion therein.: but 
either the grownds they have ought on have beene wn-- 
eertaine ;'orthe diffances of theplaces of #bſertation tee 


Sort 5; er'the' —_ of the attiſer fo bee Hlpeted, 
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tine Cow thence to the (prrfies % the. ca, is rather a 
phantaſie, then 2 thing of. actuall performance. . For gej- 
ther the perpendicular h:ight of the, above the levell 
of the water can with, any certalaty, hee obtained :,nor 
fiicha tangent line by reaſon of the refraction of the wa- 
pour; continually rifing out of the ſea canbe_eſt;mared, 
Bit ir would for the performmnce. hereof br ay £x7et. 
lent worke, if the height of the Pole at two townes of this 
Land, diſtant North-ward one fromthe other ſome ſcores, 
or rather handreds of miles, ing with Inſtruments of ſwf- 
ficient magnitude by ſome learned Artiſts exattly obſerved; 
there were alſo imployed certaine shilfull $ 1h cap (/ach 
4s are indeed lovers of art and truth) te take the true di- 
ftances and poſitions from place toplace berweene the ſaid 
townes, Which ſurvey 1 could wiſh were male with 
good plaine tables, and with the ſame ſtale, whieh ſhould 
notbe{eſfſs then afootby ſtandard for 16 miles and that 
theſe meaſures of a foot according to a' ſtandard were all 
made inbrafſe by thefame Workman :- and their chaines 
exactly) firred thereto: andrhat' the meaftre bee taken 
not along. the High-wayes, but by fide ſtations where 
Steeples:and'orher places 'eminent and of note may bee 
ſeene.. If the: two; townes of: the. obſesvations were 


quicke 


quicke and perſpicacious , may himſelfe privately with 
wwch facility prattiſe : the reaſon whereof confiſteth 
upon theſe three principles, 

The 1. is, that if with a levelling Inſtrument [et up in any 
place parattel to the Horizon a man take a true level unto 
#nother place : the viſuall line by which he levelled, ſhall be 
4 tangent toſuch an arch of a great circle on the earth, as 11 
contained betweene the ſtation and the marks : Becanſe that 
the viſual line,together with the two lines imagined, out of 
the center of the earth, doe includ: a ti oht an gled Triangle, 
having the right argle at the level, 

The II. is,that if the ſame 1nſiruimrnt he ſet juſt even with 
the former mark, and you levill backward ro the former ſta= 
tion, thu laft viſnall line ſhall over ſhoot the former place of 
the Inſtrument : aud ſhall incloſe a new and greater right= 
angled triangle, haning the right angle at the ſecond lation; 

The II, is,that the former of the two viſnall lines ſhall onk 
this Latter and greater right-angled triangle into two right 
angled triangles like to ut ſelf 
and one like to the other : by | 
the 8 prop : of the 6 book of Ers D] 

clide, As in the ſcheme, the -- AC B 


center of the earth is C, the | / 


firſt place or ftation of the 
levelling inſtrument is A,and 
the viſuall line thence is A B 
to the marke B, which is al- 
ſo the place of the iInſtrumet 
in the fecond ſtation, from 
whence the viſual] line | ack- 
ward is BD, over-reaching FT 
the firſt place A. Here are i / 
3 like right-angled triangles, '/ 
namely the greateſt C B D, i < 
cut into two other C AB, 

and BAD, with theline AB. 

W herfore AB, AD :: AC. AB: that 15;45 the diſtance 
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be- 
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between the two Stations (for by reaſon of the vaſt great. 
neſle of the earth, and the exceeding ſmall diſtance be- 

tweene the two ſtations in compariton thereof, the vi- 

ſaall line AB hall be the fame with the ground line AE ) 

is to the over-ſhooting of the ſecond line of Jevell: ſo $ the 

Radims to the tangent of the arch AE, entercepted be 
tweene the two ftations, The quantity of which arch be- 

ing ſought out in the Canon of tangents, eicher in /exa- 
geſime or Decimall parts of a degree, fay againe, «A's the 
ſame arch in ſexageſime or Decimall parts of a degree us 
unto a degree in the like parts ; [ou the diſtance betweene 
the two ſtations in feet, to the number of feet anſwering to 
a degree upon the earth. As for example, ſuppoſe ihe 
diſtance berween the two ſtations to be 5 28 feet, which 
is the tenth part of a mile : and that the ſecond line of 
levell over-ſhooteth the formcr ;:5*. of a foote : or 
©,2138 , which you ſhall finde will bee neere about the 
matter. Say, 

528 . 019138 » « ICOOOO,04, 2,61; the tangent 
af the arch Min , 0,294 | 
Say againe,, 
0,29Þ. 60 3: 528 . 351120 ; the number of feet 
anſwering to 4 degree upon the earth, 


Thus havel fer downe the rule,and illuſtrated it with 
2n example. Þur 1n the practiſe (by reaſon of the weake- 
nefle of our fight, notableto diſce;nea thing diſtint:y 
at any great diſtance, we are cnſtrained to take bur ſhort 
tations , whereby the over-ſhooting of the ſecond line 
of levell above the firſt is bur very ſmall) there is re- 
quired great precifeneſſe, For the performance where- 
of it willnot bee amiſſe to fer downe ſome direions. 
both concerning the Inſtrument, place, and time, 


The /evelling Tnſirnment to be uſed in this worke, I 
would not have to bee either with «channel for water ; 


Nor 
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nor with ſights. For the water, beſides that it 48th con- 
tinually exhale vaponrs, hath a certaine tenacity, whereby 
ro-avoyd any dryneſſe neere to it, it will rather col/ee? ix 
ſelfs, and flandin a heape, then. mixe with its enemy : 
and contrariwiſe very gladly d:fnſeth it [elfe in purſuet 
of any moyſture. Andas for Sights, if the fight-hole be ve- 
ry ſmall, it hindreth onr ſeeing : it any whit 2arge, it ad- 
mitteth too many viſiverayes ; which dilating themſelves 
cannot fixe on the true and individuall point of the objea, 
Bat I would have it onely with a /eage, « ne inch th1cke, 
and three inches broad : and fo broad alſo I would have 
a blacke ſtroke to be in aſ[quare white board, tar the marke 
ro levell at, that having ſer the ledge of the Inſtrument 
by the p/xmbe-line parallel to the Horizon in one ſtation, 
you ſtanding aloofe oft, and guiding your eye along the 
two cages of the ledge, and yeur companion at the other 
ſtation rayſing up or letting downe the m2arze-borrd, as 
you ſhall : ire him, you may ſee the upper line of the 
blacke ſtroke levell with the upper edge, and the lower 
line levell with the lower edge. 


The p/ace for the tryall of this experiment] would have 
to be « plaine field, wherein you are to have for your uſe 
ready meaſured out by the toor, diretly Eaſt and Weſt, 
ſuch a diſtance, as you can diſcerne diſtintly thereat - 
which to a good and perfet ſight may be 1000 feer, or 
toan indifferent fight 528 feer,which 5 the tenth part of a 
mile, And atboth ends of that diſtance (which are to 
be your ſtations) the ground to be handſomely plained and 
. beaten, for the more exatt ſetting up of your Inſtraments 

thereon. | 


The 23me for making your obſervation T would have 
about Midſummer, in a ſeaſonable, conuftant, drye, and 
calme weather : when, having ſetup your levelling In- 
ſtrument in the Eaſterne ftation, you may take your firſt 

D 2 leyell 
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levell about eleven 4 clocks inthe forenoone, Which be- 
ing done, you may remove your Inſtrument to the 
Feſterne ſtation , and about ove 4 clecke in the after- 
»0oxe (when the Sun is gone fo farre paſt the Meridian) 


take your backe levell, 


Theſeare the moſt neceſſary and accurate cautions that 
I can devile : and all little enough for ſo curiousand ſab- 
till an inquiry. I have alſo here ſet downe the fa 1mecof 
the levelling Infirument and of the marke. 


——— —<—_— > ----. —  - —————— 


SO ESSE SS Suu nu- + - 


A KM a cl RAAL 
> 


< 
_—_ 


—_—— 4. ts, 


a tut . adm. mw Y v9, we vo. ca v4. 


> . -w—_— 


Of N avigatin. 


Cnayr, IIII. 


T he manner how to meaſure the Ships way ; 
or how many deerees,aud parts of a degree, 
either cemeſimes, or ſexageſimes, the Ship 

 woveth in one houre, or in any ſpace of 
time aſigned, CAnd alſs of certaine ne- 
ceſſary redutions. 


$ Ec Gall therefore come neere the matter if 
fs wee take miles 66;, that is 949800 feete to 
WP anſwer to a degree ron the earth, 


Now becauſe the meaſure of the Ships 
motion or Way 85 obſerved by the watch-glaſſe and Log-line: 
letus for brevity ſake call che n#mber of ſeconds (whereof 
there are 3600 in an haure) which the Warch-glaſſe r1un- 
xeth, by the letter G: and the wwmhey of feet vered in the 
Logg-line while the glaffe tu running , by the letter F. 
Which grounds being thus layed, wee may find ont 4 
rule to know how many handreth parts of a degree the Ship 
Jayleth in exe howre ; after this manner, 


Say G ;.F-: : 3600, 6 : 6 many feet gone inn honure 


Say againe 349800 , 1006 :: E ca . non 
G 349800G 
Or by reduti50n into parts having the Denominater one 
Dy | 
VYrate —_ : whichare ſo many cente/twes of 4 degreg 
gonein an houye, 
Hence ariſeth this geverall ynle for CenteSmer. 
- _ = 0 
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As the number of ſecond* in the Watch-glafſe, is 
to the number of feet vered in the Log-line : 
Sos 1199: 
to the number of hundreth parts of a degree, 
which the Ship runneth in one whole houre, 
But to know how many minutes of adrgree the Ship 
ſayleth in one houre : Say againe | 


3600F 216000ÞF O . 

00 , 60:: —— * ,——=': Or by reanGion 

349800 . 60 FO Prey J 
; A , .. O,0175F 

into parts having the Denominator one Vnite —=——: 


whichare ſo many /exageſimes of a degree gon in an howre, 
Hence alfoariſeth this general! rn/e for ſexageſmmes, 


Asthe number of ſeconds in the watch-glafle, is 
to the number of teet vec in tie Log-line : 
Sois 015 '75, | 
to the number of minutes of a degree ſayled in 
one houre, 


Theſe two numbers 11929 and 0,5175 (or whether of 
them you meane to follow ) being of moſt frequent, and 
indeed continuall uſe, it were fit tonote in the fourth 
circle of your Inſtrunient with ſoine a;:-parant marke : 
that you may not be ſti!l ſearching them out, when you 
have occalion tonſe either of them. 


And after this very manner you may find a gencrall 
rule for any other number of fect contained in a degree 
upon earth, both for the Decimall parts of a degree, and 
alſo for the. Sexgelimes wherein” orely the third 
termes in every of the ſecond proportions. will bee 
changed. | 


Becauſe 
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Becauſe the tr#e finding ont of the way, which the Ship 
maketh in an honre, eftimated in the parts of a degree, 14 
the maine ground and principle, by which the place of her 
being both for longitude and latitude i argued and compu- 
ted : 1 will ſet Jowne the prattice thereof at large in two 
Examples : the firſt for centeſimes of a degree: and the 
ſecond for ſexage/imer: 


Example 1. Suppoſe the Watch-glaſſe to containe 
40 ſec : and that in the ruaning out thereof the Ship 
hath gone 175 feete by the Log-line. The rule is, As 
40. to 175 : fois 1,292 to the number of hundrerh parts 
of adegree fought. Ser therefore tae antecedent arme 
of the Index on 40 in the fouth circle, taking the figu- 
reddivifions 1, 3, 3, &c. for ſo many tens : and open the 
other arme unto 175, taking the ſame diviſions for ſo 
many hundreds : the diſtance betweene the arme:; will be 
above halfe that circle. Then remove the antecedent 
arme unto the third terme 11292, taking the ſame divi'i- 
ons for ſo many unites : and the conſequent arme ſhall 
point at 45: , which ſhall be 4 centeſimes aad a halte, or 
45 thauſanth parts ofa degree, (v:z) degr : 0124511 the 

fſameci:cur of that circle : becauſe the diftance from 40 
to 175 outreacheth not the line of 1. Wherefore the 
Ship at that ſwiftneſſe ſhall goe in an houre degr : 01245, 
W hich in ſexageiim:s will be found to be Min ; 2,7 , © 


Example 11, Suppoſe the ſame watch-glaſſe of 45 ſec: 
and that in the running out thereof the Ship hath gone 
512 feet. Therule is, As 40 is to 532 : ſois 016175, to the 
number of ſexagefimes or minutes of a degree fought, 
Ser therefore the anreced ntarme at 4o, and the other 
at 512: the diſtance betweene them exceedeth one 
. whole circuit. Then remove the antecedent arme to 
the third terme 015175: and the conſequent arme ſhall 
point out 7902 : which becauſe the diſtance exceeded 
one 
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, onecircuit ſhall bee Min: 91992 Which in centefimes 
would have beene degr : 01! 317- 


The proportion of the Ships ſayling for one hoxre betng 
thus given either in centeſimes or ſexagefimes of a de- 
gree : multiply the ſame by the whole time of the con- 
tinnance at the fame ſwiftnefls reckoned in houres' and 
Decimall parts ef houres : and the produd ſhall give the 
whole way the Ship hath made, either in degrees or mi- 
nutes accordingly. As for Example ; If the Ship fayling 
after degr: 01945 inan honre, continue fo for Ho. 29, 
Min : 37, thatis Ho : 29157 : Multiply 29,617 by 045, 
and the produtt fhall bee degr : 11333, the whole way 
that the Ship hath made. Or ifthe Ship for fo long con- 
tinuance hath fayled after Min : 2,7 in an houre : Mulrj- 
ply 291517 by 2,7* and you ſhall have Min: 719966, which 
being dimded by 60, will give degr : 11333, as before. 


Now follow certaine reduttions, which are of frequent 
uſe. I. To convert degrees or hanres inte Minntes, is to 
multiply them by 60. And #0 convert them into ſeconds, 
is to multiy them by 3600, And contrariwile. | 

II. Torednce minntes into degrees or howres, is te di- 
vide the minutes by 60. And to reduce ſeconds into degrees 
' 8r hoxnres, is to divide them by 3600. 

III. To convert minutes of degrees or hanres into gen- 
zefizaes or hundreth parts : Say, As 60, isto r00 : ſoisg 
the number ry minutes, to the number of hundreth 

» - all : 

I1II. To reduce centeflmres of degrees or houres into 
minutes : Say, As 100, is to 60: ſoils themumber of cen- 
telumes or huadreth parts, to the number of minuces. 


Cuaz, 
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The aivifion of ſayling tnto circular and ſpiral, 
Two fundamentall theerems, Of ſayline 
by one of the foure Cardinall Rumbes : and 
certaine Queſtions belonging thereto, 


'He motion of the Ship pon a Rumbe U et- 
> ther circular , or winding with a kind of 
ſpiral line, If the ſhip faile upon one of 
9 the foure cardinal pornts, itdeſcribeth a 
© circle: which is either a great circle or 
>< leſſer, according as the circle of the hea- 
vens is, under which ic moveth. For if the Ship faileth 
directly North or Somrh nnder ſome Meridian, or di- 
realy Eaſt or Wiſt under the e/£qu1nottiall, it deſcriberh 
by the morion thereof an arch of a great circle. But if it 
faile direatly Eaſt or W-ſt wide of the «Afquinothallon 
either ſide, it deſcribetha leſl-r circle, according as the 
parallel in the heavens is, under which it moveth. 


eAll great circles areequall one to another, and have 
equall degrees:but the parallels are greater or leſſer one then 
another ; and conſequently have greater or leſſer degrees, 
45 every one 1 neerer or farther diſtant from the e/Equi- 
»otHall, And becauſe in computing the motion of the 
fhip we ſhall have continuall occaſion to ſpeake of de- 
grees both of the greater and leſſer circles,let this be adver- 
riſed, that as oft as I ſhall mention uf Degrees, I under- 
ſtand the meaſure of ſo many degrees of a great circle; 
elſe ſpeaking of leſſer degrees, I call them proper degrees 
of ſuch a parallel, 


Theſe two proportions following are the fundamen- 
E tall 
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tall Theoremes for the computation of the motion of the ſoup : 
and are therefore faithfully to bee 'imprinted in our me- 
mory. The ſecond is but the converſe of the firſt : 


and are fo familiar, that they ſhall neede no demon- 
tration, 


Theor, 1. As the Rad, is 
to the ſine of the complement of the parallel : 
Sois an arch of the XquinoRall in 1ſt Degrees, 
to the number of 1uff Degrees contained in a like 
arch of the ſame parallel, 


Theor, TI, As the fine of the complement of the 
parallel, is to the Radius: Or 
As the Radius, 1s 
to the fecant of the parallel : 
So is the number of 7»ff Degrees contained in an arch: 
of the fame parallel, 
ro a likearch of the Zquinoctiall, 


If a Ship ſatle nnder a Meridian , that is upon the 
North or Sonth Rambe , it yaryeth not the /ongirude ar 
all: but onely changeth the Latirzde : and that juſt fo 
much as the number of degrees ir hath runne 1a that 
whole time amounteth unto, which number is to be ad-= 
ded to the latitude ofthe place, where the account began, 
if ye. haye fayled from the Xquinoctiall-ward towards 
either Pole : Or elſe to be ſabduced out of the latitude 
of that place,ifyou hayec fayled towards the ZquinoRiall, 


Agaijne if the Ship ſayle under the e/EquinoCtiall upox 
the very line it ſelfe Eaftward er Weſtward : it varieth not 
the Latirzde at all : but only changeth the Longitmae : 
and that juſt ſo much as the number of degrees it hath 
runne in that whole time amounteth unto. W hich nam- 


ber is to be added to, or ſubdued from the ge 
O 
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of the place wherein you begante your account, accor- 


ding as you have fayled Eft or #Yeft. 


Andthirdly if the Ship ſayle direttly Eaſt or Weſt n= 


der any parallel circle , that is upon the Eaſt or Weſt 
Rumbe, be it in the Northerne or Southern Hemiſphzre, 
it there alſo chaygeth not the Latitude ar all,but only the 
Longitude: yetnot according tothe number of 1uft De- 
grees it hath gone, as under the Aquinoctiall : but more 
then ſo many, according as the preporiion is betweene 
that parallel and the AquinoRiall. For theleffer every 
parallel is, the greater muft needes bee the difference 
of the Longitude in fayling ſo many 1aft Degrees 
tender It. | 


L eſt: T, By the way of a Ship npon a parallel being 
givenin 1uft Degrees, to finde how. many degrees the 
Longitude is varyed. 


This is done at one operation by Theor : 1. 


As the ſine of the complement of the parallel, is 
to the Radins : 

So is the way of the ſhip upon that parallel in juſt degrees, 
to the degrees of the difference of longitnde, 


An Example. A ſhip making her courſe npon the pa«- 
rallel diſtant from the AquinoRiall degr : 5 1, min : 32, 
by the eſtimation of the way hath Gyled. 914 in. Jufft de- 
grees: how many proper degrees of that parallel hath 
ſhee gone ? 


The complement of 519, 32' is 389, 28, the fine 


whereof is 62206. Say therefore. 
s 380, 28 0 | Rad *» : 9.4 EY FIb. 
63206 I00000 
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The difference of lougitnde ſought u degr: 1511011 48 
W hich arch ſo found is ro bee added to, or ſibduted 
from the longitude of the place where you beganne your 
account', according as you have fayled cither Eaft or 
Weſt. 


Pueft : TT, How many Engliſh miles change one 
degree of longitude in going Eaſtward or Weſtward at 
the elevation of the Pole degr : 51, min : 32. 


I twas fappoſed inthe beginning of Chapt : 111T, 
that miles 665 doe anſwer to one degree of a great cir- 
cle upon the earth. | 


The complement of 512, 32 is 389, 28, 
Say therefore by Theor : TI. 


Rad , s 389, 28' :: 6625 , qnpr 
I 00000 62206 


Wherefore miles q1,27! make a degree on the pa- 
rallel51*, 32. 


Keepethis number 41[:1:_in mind for the refolying 
ofthe rwo. queſtions following. 


Lueſt : TIT. There are two places having the fame 
latitude of degr:5t, min:32: and the adrfference of 
their /o»g:tudes is degr : 1511114: How many miles are 


they diſtant by the parallel? 


Firſt find ont the numder of miles anſweririg to one 
degree in the parallel 519,.32, by Zeſt : II. which you 
ſhall find y4rp.11 . Then multiply the fame by, the de- 
grees of the difference of longitude 151! 4 : thus, 

IT. » 401" ©: 15S, 6232174 , 
Their diſtance is miles 62217+ , 


OOO eee 
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2 weft: TIT, There are two places having the fame 
| latitude of degr: 51, min : 32: and they are diſtant by 
the parallel mules 6221749 : how many degrees are they 

diſtant in longitude ? 


Firft find out the number of miles anfwering to one 
degree in theparallel 519, 32', by 2eft: I!, Which 
you ſhall finde 411211 , Then by the fame number 
ang divide the ſun of the miles given,that is 622174 : 
thug, 


41,77 , 1 :: 622/74 o 151714 , 


The diftance of longitude is degrees 151171 + , 
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of the oblique Rumbes betweene the Meri- 
dian, and that of Eaſt and Weſt , what 
they are, and how compoſed : of finding | 
out certaine fundamentall Theoremes 
for oblique ſayling. 
o 2 RMADPmeHat circular ſauling npon any ene of thoſe 


TID. forre cardinal points, whether it bee a 
up great circle, or a parallel, hath (as wee 


CA: ſtanding or computing : ſo that you bee 

WP (reof the true meaſure of the ſhips way : 

becauſe that thereia either only the /atzrzde, or only the 
longitude isaltered, 

Bur there is greater difficultie in e#/sque ſay/ing when 
the Ship runneth upon ſome Rumbe between any of the fore 
cardinall points, making an oblique angle with the Meridi- 
az : becauſe therein the ſhip continually changeth both 
latitude and longitude, And the difficulty is ſo much the 
oreater by how much the voyage is more diſtant from 
the XAquinotial towards either Pole: and upon a Rumb 
more remote from the Meridian. For neere the Zqui- 
noRiall, where the Meridians are almoſt parallel; and in 

- thoſe Rumbes which are neere the Meridian, where the 
longi udeis but little altered ; there is no fach lubricity 
and propenſenefle to erre. 

In this kind of eb1:que ſayling, the fhip is ſo direted 
by the Compaſſe, and guided by the helme, thatthe /ine 
of the ſhips length is every where kept firmely in oneand 
the ſame angle with the Meridian, according to the di- 
ſtance of that Rumbe from the North and South line, 
And becauſe the Compaſſe 4 as it were amoveable Hor. 
2% : and the lines of diretion thereupon are the i»ter- 
ſeflrons 


) P45 have ſeene) no great difficulty in under- 
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ſeftions of eazwmiths or vertice circles with the fame | 


Horizontall plaine, dividing it.into ſo many parts, which 
are called Rymbes: it commeth to paſle thar in ſich ob- 
lique fayling towards the apparent pele,the place where- 
unto the Compaſle leadeth is evermore betweene the 
parallel through the place wherein you are, and the 
Pole. Whercfore the /ine of the Ships oblique conrſe ts 4 
helix or ſpirall line, approaching neerer pi | neerer to the 
Pole but never falling intoit, Asin the Scheme, ſuppoſe 
the center of the circle P to be the Pole of the world ; 
and all the concentric circles to be parallels deſcribed at 
equall diſtance one from the other ; and the ſtreight lines 


CC 
— 


out of the Pole, PA@, PEB, PID, POF, &c. interſeRing 
thoſe parallels in the pointsC,B,D,F, &c, to be Meridi- 
ans 
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ans : ſothatall the ſegments of the Meridians C A, BE, 
DI, &c. be equall : andall the ſegments of the parallels 
KC, BA, DE, &c. bee of equall jength, though not of 
equall degrees; every one of thoſe arches containir.g 
foure or more degrees, according as every circle is g. a- 
tcr or lefle then another, Suppoſe alſo that the ſhip k+e- 
pig a juſt North-Eaſt courſe deſcribeth the crooked 
line CBDF, which therefore mult needes be the North- 
Eaſt Rumbe : and in the contirnation cf it Cath ap- 
proach unto the Pole ncerer and neerer : but can never 
fall into the Pole : becauſe it ill keepeth the ſame di- 
ſtance npon the Comp:ſſe betweene the Meridian, and 
the paraltel in whichir is, and maketh with the Meridian 
an agle of 45 degrees, 


Theſe Helices or ſpirall lines (which are the oblique 
Ruinbes) o#ght to confiſt of moſt minute and inſenſible, yea 
ind;uifible parts: forif they be any whir great, the ac- 
count of the Ships motion will be confounded, and car- 
ryed downe fiom the rrue place whither the >hip is 
gone, towards the XquinoQtiall : neither can you re- 
turne by the Rumbe you came. For imagine in th2 for- 
mer Scheme two Meridiins PAC, and FBK, and that 
AB and CK be like ſegments of two parallels, fo that 
ABCK ſhall bee a kind of ſphzricall right-angled qua- 
d:avgle : draw therein diagoniall-wiſe the arch of a great 
circle CBI, in which the ſhip is ſuppoſed to have gone 
from CtoB: firſt rhe outward angle PBL beivg (as 
may caſjily be demonſtrated) greater then the inward 
angle ACB, ſheweth that you are fallen from your 
Rumbe into another point; and Fad neede to beare up 
the Ship againe into the Rumbe BD, makins with the 
Meridian an angle PBD equall to that other ACB, 
Againe, the diagoniall arch CB citterth the quadrangle 
iato t 10 triangl;s uncquall one tothe other : for though 
ta both the {ſides AT and BK (which we will call the 

| eathets) 
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catheti) be equall, and the hypotenuſa CB be the fame : 
yet the baſes AB & CK, and likewiſe their angles, are 
unequall :; yea though the diſtance of the parallels AC 
and BK be but one ſcruple of a degree. But yet the leſſe 
you take the diſtance of the parallels, that inequality will 
alſo bee the lefle. So that it by any artifice it may bee 
. brought about that the arch AC be not cne minate of a 
degree, which on the face of the carth anſwereth to a- 
bove an Engliſh mile, but the hundred-thoufanth, or if 
need bee the millioneth part of a minute, ſcarce excec- 
ding one fifteenth part of an inch (which. thing by the 
helpe of God thegiver of all light I have diſcovered, 
and am able to performe in tables unto the Radius 
10000000, yet nothing at all differing either in their 
forme or manner of working from thoſe thatare now 
commonly in uſe) all that inequality will be taken away, 
and thoſe moſt ſmall triangles will indeed, and unto all 
uſe, become plaine reQangled triangles : and the fpirall 
line of the ſhips courſe berecalled to a preciſe exattueſſe, By 
what artifice this 1s done, together with other ſecrets of 
that nature, IT may peradventure hereafter be induced to 
declare ; if fo be I ſhall firſt ſee the pradtiſers of this moſt 

noble and uſefull ſcience (which 1s as it were the band 

and tye of moſt difjun& countries, and the conſociation 

of nations fartheſt remote) willingly to relinquith their 

inveterate errours,and to uſe thankfully and conſcionably, 

without envy and felfe-conceited ftubbornenefle, fach 


light and kelpes as the due and mature ſtudie of true art 
ſhall afford. 


In the meane time we will here make uſe of the or- 
dinary canon of the Meridian divided according to Mer- 
cater : which TI have therefore ſet upon the ſixth and 
ſeventh Circles of this Inſtrument , unto 90 degrees : 
as hath beene before ſhewed in the ſecond part of the 
firſt Chapter. 
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And firſt our of the inſpection of the Rumb in the laſt 
diagram compacted of the hypotenuſe of an infinite num- 
ber of thoſe minute rightangled triangles,l wil in certain 
Theoremes demonſtrate the grownd of oblique ſayling : 
And then inthe next Chapter apply the fame foundatt- 
ons to the anſwering of the ſeverall queſtions is Navi- 
gation, 


And becauſe thoſe triangles are all ſippoſed to bee 
equall (or rather rhe ſame triangle ſo often multiplyed)} 
let them be alſo noted with the fame letcers A B C, as 
the loweſt of them js : the cathers C A being all 
on the e Meridians : and the 3a/es BA beingall on the 
ſeverall parallels: and the kype.2n#/e2 CB are the mo- 
tion of the ſhip upon the Rumbe.. 


The Theoremes are ſet downe 1n theſe proportions. 


Theor : 1. Asthe Radius, 1s 
to the line of the complement of the Rumbe : 


Jo 1; the way of the Ship 17 degrees upon thar Rumb, 
betweene any two places 6n the earth, 


to the difference of latitude betweene thoſe two: 
places. 


Bor R .,sco C:: BC. CA:: manyBC, ſomany CA, 
And lo converſely. 
Theer: TI. Asthe Radius, is 


to the fine of the Rambe from the Meridian : 


Sois the way of the ſhip in degrees upon that rumb,&c, 
to the /amme of the baſes of all the triangles inter- 
cepted betweene the parallels of thofe two places. 


For R,sC:: BC . BA :r manyBC , ſomany BA, 


T heor, 
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Theor: ITT, As the Radius, is 
tc the tangent of the Rymbe from the Meridian : 
So is the arfference of latitude between any two places, 
to the /amme of the baſes of all the triangles inter- 

cepted, G c. 
For R , tC :: CA , BA :: many CA. , fo many BA, 


Theer: ITITi As the Radins, is 
to the ſumme.of the ſecants of all the parallels be» 
tweene any two places upon theearth : 
Sois the baſe of one of thoſe triangles, 


tothe diff.rence of longirude between thoſe two 
places. 


For by Theoreme 11, Chap: 5, 


R . ſec : parall :: baſe AB . diff: of long : in 
baſe BA :: many ſec; parall « ditt : cf long : info 
many baſes BA. 


Againe becauſe by the laft Theoreme 
' R. ſum: ſec. parall :: BA , diff: long: inBA, 
and by Theer: III. R . 83 C :: CA. BA. 


and becauſe that CA. is bur 1, be it /exageſime or cen- 
teſime, &c. therefore by compoſition of thoſe two pro- 
portions ariſeth, 


Theor : V. As the quadrat of the Radius, is 
to the ſumme of the [ecants of all the parallels 
betweene any two places upon the earth : 
Or, Asthe Kadius, is 
to the /umme of the ſecants of all the parallels be- 
rweene any two places, divided by the Radius : 
So is thetangent of the Rewb from the Meridian, 
to the difference of longitude betweene thoſe twe 


places, 
F 3 CHAP, 
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of the ſeverall queſtions which are incident 
#110 oblique ſayling. 


2 T isneedfull to bee adyertiſed : Firſt, that 
3) in working the queſtions following upon 
z the Inſtrument, the degrees of the ſhips way 
Mpc (found out by Chapt : IT 1T.) and of the 
TD G2cH differences both of latitude and lougitndeand 
_ alſo the /umme of the ſecants of parallels, are all tobe taken 
on the fourth cirete, after the manner of abſolutenum- 
bers : for which cauſe they are ſtill to be ſer downe jn 
degrees and Decimal parts of degrees. But the Sines and 
T angents arc to be accounted #z their one circles, Thar 
heereafter wee #1ay not necd2 evermore to bee tel- 
ling unta what ci-cle every number or terme doeth 


belong, 


And ſecondly, that if youpleaſe to worke theſe qu: ſtie 
9:5 with your pen: you may doc it by rhe tables for the 
drviſion of the {Meridian line axcording to » Mercator : 
W hich tables are nothing elſe but a perpetuall addition 
of ſecants. And arc to be found both in Maſter rights 
Erronrs of Navigation , and in Willibrordus Snellins his 
Tiphys Batavms, for every minute : and in Maſter G-- 
ters Bocke for every tenth part of adegree, W hich laft 
for more readineſſe ſake I doc herein make uſe of, 


But in uſing the tables of Maſter wright or Snefins, 
you muſt reckon the /atitmdes in degrees and minutes ; 
with Decimalis of SFinntes , and not in Decimalls of 
Degrees, | | 
: In 
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In the examples I have fer downe the numbers ſo, 
that you may workethem either by the Inſtrument, or 
with the pen. The manner of working the Decimall 
parts with the penne you ſhall find in my (avs AMathe- 
watica, Chapt. 1,2, 3,4, 6. But by the Inftrument, in 
the firſt Chapter of this preſent rractate at large : which 
I could wiſh were dilligently ſtudied and practiſed. 


And now I come to the Queſtions, 


QvzsT. I, By the Rumbe and way of the Ship given, 
to find the difference of latitude berweene two places, 


This is done at one operation by Theor: TJ, inthe for- 
mer Chapter. 


As the Radius, is 
tothe ſine of the complement of the Rumbe : 
So is the way of the ſhip in degrees upon that rumb, 
detweene any two places on the earth, 
to thedifference of latitude betweene thoſe two 
places, 


An Example, A Ship begirning her courſe in the la- 
titade of degr: 50,7 , that is 509, 42", hath fayled on 
the NWb XN Rumbe degr: 9:36: inrco whar latitude is 
ſhe come ? 


Here rhe angle of inclination which the Ab X, 
Rumbe maketh with the Meridian is (by Chap : III.) 

33®, 45 : thecomplement of which is 569, 15': and 
the line thereof 83147. Say therefore, 


Rad . 5569, 15' :: 985 . 7,782 ; the 
I 00090 83147 (difference of latitude 


FP 3 which 
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which being added to the Latitade 5017 given (becauſe 
the greater latitude is fought ) giveth degrees 581482 , 
that is, 580, 29. 


But ifthe leſſer latitude had beene ſought : the aid 
difference ſhould have bene ſabduced out of the latitude 
given. And if the difference of latitude found (the Ship 
fayling toward the £quinoRiall) chance to exceed the 
latitude given, ſubcut the latitude giuen out of the ſaid 
difference found : and the remaines ſhall bee the ſecond 
latitude, but in the contrary Hemiſphere. For if the 
cwo latitudes be in the contrary hemiſphzres,the ſunime 
of both is the diff:rence betweene them, 


QvtsT. II, By the way of the Ship and the difference 
of letfude betweene two places given, to finde the Rymbe 
leading from one placetothe other. 


This is done alſo at one operation by the faid Thes- 
reme |. 


As the way of the Shipin degrees upon the Rumbe 
ſought betweene any two places, 1s 
to the diff-rence of latitude beween thoſe two places: 
So is the Radius, 
to the ſine of the complement of the Rumbe ſought. 


en Example. AShip beginning her courſe at the la- 
titude of degrees 5017, thatis 50®, 42', hath fayled ap 
to the latitude of degrees 5 81482, that is 58*,-29': in 
. which ſpace it hath gone degrees 935 upon one Rumbe 
W har Rumb was it that ſhe followed ? 


Here the difterence of latitude is degrees 7782 , fay, 


9,35 , A782 :: Rad . £ 56% uo' + 
I00000 BzI47 


the 
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the complement of which arch found is 33e, 45”: 
which is the angle of inclination of the Ships courſe to 
the Meridian: and is ( by Chapt: ITI.) the NW b N, 
Rumbe, 


Qys sT, Ill, By the Rumbe, and difference of lats- 
tude betweene two places, to find the quantity of the Ships 
way in degrees, 


This is done at one operation by the converſe of the 
faid Theor: 1, 


As the ſine of the complement of the Rembe, is 
to the Radius : 
So is the difference of latitude between any two places 
tothe meaſure of the'Ships way in degrees. 


An Example. AShip beginning her courlſe at the la- 
titude of degr : 581452, hath fayled upon the SEG $ 
Rumbe unto the height of degr : 507 : how many de- 
grees hath ſhee gone upon the Rumbe ? 


Here the difference betweene the two latitndes gi- 
venisdegr: 91782 , Andthe angle of indination of the 
SEbS Rumbe 3s 33®, 45, by Chapt: [TI: the com- 
plement of which is 569; 15": and the ſine thereof 
83147. Say therefore. 


8 $6®, 15 .. Rad 4: qo , gjnis + 
which is the aweaſzre of the Ships way in degrees. 


QuvEesT. III. By the Rumbe, and difference of la- 
titude, to find the difference of longitude... 


This is done at one operation by Theor 1 V, in the for- 
mer Chapter. 


As 


yt 
[1 
: 
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As the Radius, is 

tothe tangent ofthe Rumbe : 

Sois the ſumme of the ſecants of the parallels be- 

tweene any two places, divided by the Radius : as 
they are ſer downe in the tables, 

to the difterence of longitade between the Me- 

dians of thoſe two places, | 


”— —— —— 


An Example, A Ship beginning her courſe at the 
latitude of degr : 381 , fayleth upon the /5X. Rumb, 
unto the latitude of degr : 5ors : how many degrees of 
longitude hath it varyed in that courſe ? 


Here the angle of inclination of the 9/6 Rumbe 


with the Meridian is 78*®, 45' : the tangent whereof 


is 502734 . And the ſamme of the ſecants for 50;5_is 
58.691 : and the ſamme of the ſecants for 38,2 is 
411392 : thedifterence of which is 191299, the ſumme 
of the ſecants of the parallels betweene thoſe two la- 
titudes : which elſe by the Inſtrument is found out by 
the ſecond part of the firſt Chapter. Say therefore, 


Rad . #£ 958%, 45 :: 17299 , $9877. + 
100000 9g$O2734 | 56972 


W hich is the difference of longitude betweene the Meri- 


dians of the two places, 


Bur becauſe this queſtion is of excellent and very fre. 
quent uſe, it will not beamiſle to ſet downe at large 
the manner of working this Example upon the Inſtru- 
ment. Thus, 


Set one of the armes of the Index upon 38:2_in the 
ſixth circle, and open the otherarmeunto 50, in the 
ſeventh citcle, .according as hath beene taught in the ſe- 
cond part of the firſt Chapter. Then move the arme of 

| | the 
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the Index, which ſtood on 3812 to the line of the 1 : and 
the other arme ar the ſame opening fhall in the fifth cir- 
cle cut 1793259 , the ſumme of the ſecants, 


Apaine ſet one of the armes of the Index wpon the 
line of the Radius, and open the other arme unto the tan- 
gent of 78®, 45'. Then move the antecedent arme of 
the index, which ſtood at the line of the Radius, unto 
1513209 inthe fourth circle: and the conſ:quent arme 
ſhal! in che ſame fourth circle cut 87,927 , which are the 
degrees of the difference of longitude tought for. 


QyvssrT. V. PBythe latitude and lengitude of any two 
places given, to find what Rambe leadeth fromthe one place 
to the ather, 


This is done at ene operation by the fame 7heer : V. 


As theſumme of the ſecants of the parallels betweene 
thoſe two places, is 
to the difference of longitude betweene them : 
So is th- Radius, 
to the tangent of the Rumbe ſought. 


en Example, Thereare two places, the one having 
the latitude of degr: 5015 : andthe other the latitude 
of 383 . And the difference of longitude betweene 
their Meridians is degr : 87927 , By what Rumbe ſhall 
a Ship fayle from one place to the other ? 


Here the ſamme of the ſecants of the parallels be- 
tweene the two latitudes given is 19199, as was found 
out in rhe example of 2«e/?, 1III, Say therefore, 


17299 . $7997 ©; Rad , 278% 45 : 
gb 93% 190000 205734 
7 *'Which 
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Whith is the angle of the intlination of the Rutmb leading 
between thoſe two places,with the meridian: and is therfore 
(by the third Chaprer) the #/4N or EbSRumb : ifthela- 
ritudes be on the North fide of the AquinoRiall. 


| QvasT. V I. By the Reumbe, and difference of longi- 


vitude betweene two places, whereof one 1 grvey, to find the 


O o 
difference of their latitudes, 


This is done at one operation by the converſe of Th. V. 


As the rangent ofthe Rumbe, is 
tothe Ra''Jus : 
So is the diff:rence of longitude betweenc the Mec- 
ridians of thoſe two places, 
tothe ſumme of the ſecants of che parallels be- 
rweene thoſe two places, 


en Example. AShip beginning her courſe at the la- 
tirude of degr : 38, faylecth upon the 6X Rumb 
untill it hath changed che longitude degr: 871927 : In- 
to what latirude ſhall ſhe then be come? 


Here the anzle of inclimtion of che 7727 Rumbe | 
with tre Meritiian is 789, 45 Sa; therefore, 
$760, 45 +» Rad :: 878?7 » 17899 2 


Which is the /rrmme of the ſecants of the parall: ls between 
the latuude degr : 5 812 given, and the latuude of the 
pl.1ce wherein the Ship cs, Wherefo1e if uato the fumme 
of rhe patalleis fur degr : 3812 found out by rhe ſecond 
part of Chap: J. namely 41,392, yon adde rhe fourth 
rerme found 17:99 : the tumme 5 81691 fhull bee the 
[umme of the pa? allcls for the latitude onght : which by 
the {11 ſecond part of Chap: I, you ſhall finde to bee 


degrees 5915.. 
| QV EST, 
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QvesT. VII. Zy the Runbe, and meaſure of the 
way of the $ hip in degrees, to find the difference of longitude | 


betweene two places, whereof one 14 given, 


This is done by two operations. 


The firſt is, By the Rumbe and way of the Ship 
given , to finde the difference of latitude : which 


is neſt, I. 


The ſecond is, By the Rumbe, and difference of lati- 
rude given, to finde the difference of longitude, which 
15 DO neft. HERR, 


eAnExample, AShip beginning her courſe in the la- 
titude of degr: 504 hath fayled upon the JN rumb 
deg: 1317_: how much hath ſhe changed the longitude ? 


Here the angle of inclination of the FJ Rumbe 
with the Meridian is 67%, 3: the compl : of which is 
229,30 the fine whereof is 38268 .Say firſt by Qweſt, T. 


Y R3 s. $1 32%Y, 30” £2 I 3,7 - $1.4 
100000 38268 | 


W hich is the difference of latitude berweene the beginnin 
' and the place where the Ship 3, Now becauſe the Ship 
ſaylinz toward the Pole increaſeth the laritude : Ad.le 
degr: 5,4 todeg.,o[: the latitude given : and the ſum 
deg: 55:4 ſhall be the /atirzde of the place whither he Ship 


#5 Come. 


Secke the ſumme of the ſecants of the parallels for 
both thoſe places,by the ſecond part of {.hip: 1, which 
will bee found to bee 581532, and 67150 : thediffe- 
rence of which two numbers is $725 , rhe ſumme of 

G 3 the 
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the ſecants betweene thoſe parallels. Alſo the rangent 
of the Rumbe, (v:z) of 65®, 3o' ; is 241421 « 


Say therefore againe by Queft. TNT. 


Rad ; t 672, 30 *2 $1725 . 24195 4> 21,0U4 
1 00000 241421 ARSE 


Which arch of degr : 20lads 8s the difference of longitude 
ſought for. [ex 


QvesrT. VIII. Þy the difference of latitwde , and 
meaſure of the way of the Ship in degrees : to finde the dif- 
ference of longitude betweeue rws places, whereof one us 


grves, 
"This alſo done by two aperations. 


The firſt is, By the difference of latitude, and the way, 
to findethe Rumbe : which is Zzeft - JI, 


The ſecond is, By the Rumbe, and difference of 
latitude, to finde the difference of longitude : which 


eAn Example. A Ship þeginning her courſe in the 
laticude of degr: 55.54, hath fayled: degr : 13,7 upon 
one and the fame Rumbe, even unto the latirude of 
degr: 50,4: how many degrees of longirade hath ſhe 
changed ? | 


Here the difference betweene the two latitudesgiven 
degr: 514 | | 
Say firſt by 2 ef, IT, 


1.37, « $24 :: Rad , $220, g0': 
| | 190000 38268 
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the complement of whicharch (viz) 67®, 30', is the an- 
gle of the Rumbe: And thetangenr thereof is 241421 . 
Secke alſo the ſaumme of the ſecants of the parallels for 
both thoſe places, by the ſecond part of Chap. I : which 
will be found tobee 581534, and by 67259 : thedifte- 
rence of which two numoers is 8,725, the ſamme of the 
ſecants betweene the parallels, : 


Say therfore againe by 2zeſt, 1117, 


Rad . #£65*, 30" :: $1725 , 21664 
100000 241421 
W hich arch of degr : 21,954 us the difference of longitude 
fought for. 


QvpsT. IX. By the differences of latitude and longi- 
tude berweene twoplaces given, to findethe meaſure of the 


way of the Ship in degrees. 
Thiz 1s alſo done by two openations. 


The firſt is, By the difference ef latitude and. longi- 
rude to finde the Rumbe leading betweene thoſe two 
places: which is 2weſt, V. 


T he ſecond is, By the Rumb,and difference of latitude, - 

to find the meaſare of the Ships way in degrees : which 
s neſt : III, 

An Example, AShip beginning her courſe inthe lati- 
tude of degrees 504 , fayleth ſtill following one and 
the fame Rumbe untill ſhee commeth to the lati- 
rude of degr : 55:54 ; in whichtime ſhe hath changed 
the longitude degr : 211954 : How many degrees hath 
the Ship gone upon that Rumbe ?' 


Here the. ſumme- of the ſecants of the parallels for 
both che places propoſed, by = ſecond part of Chap. I, 
& 3 wb 
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will be found tobe «5 $1534, and 671159 : the diffirence 
of which two numbers 1s 81725, the ſamme of the ſe. 
canrs of the parallels berweene thoſe two latitudes, 


Say firſt by 2 weft, V, 


$1725 , 211264 :: Rad 167%, 30': 
100008 241421 


W hich is the angle of inclination of the Rumbe, with the 
meridian: the complement of which is deg: 22, min: 30: 
the fine whereof is 38268. And the difference between 
the two latitudes degr : 5515+, and degr: gc14 , is 
degr : 54. 


Say therefore againe by 2xeff, IT, 


5 222, 30' , Rad :2 5th , 137: 
38268 1 00000 | 


W hich is the meaſnre of che Ships way 11 degrees, 


QvesrT. X. By the Rumbe, and difference of longs- 
tude berweene two places, whereof one us given, to finde 
the quantity of the way in degrees betweene thoſe places, - 


This is alſo done by 290 operations : 


The firſt is, By the Rnmbe, and difference of longi- 
rude, tv finde out the difterence of latitude : which is 
Lueſt, VI. | 


Tre ſecond is, By the Rumbe, and difference of lati- 
tude, to inde out the meaſure of the way of the Ship in 


degrees : which is 24. 11T, 


An Example. A Ship beginning Fer courſe inrhe la- 
ritude of vegr : 551*4, fayleth upon the ESE Rumbe fo 
| - | long 
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long rill ic hath changed the longirude degr : 21154 : 
How many degrees hath the Ship gone upon thar 
Rumoe ? 


Here the angle of the ESE Rumbe with the Meridi- 
an - is degr : 67, min -. 3o ;. the tangent whereof 
is 241421, 


Say fiſt by Qzef, VI. 


:675®, 30' . | Rad 211954 . 81725 2 
W hich « the ſ#mme of the ſecants of the parallels betweene 
the latitude of aegr : 55164, and the ether latitude ſonght, 


Now the ſumme of the ſecants of the parallels for the 
latitude oj degr; 55144 is 671259, by the fecond part of 
Chap. 1. Ourof whichnumber if you ſubdudt 8;7 :5 laſt 
found { becauſe the courſe is towards the Mquinoctiall) 
the remaines ſhall bee 5 8153+, the ſamme of the ſecants 
of the parallels for the oth -: latitude of degr : 5014 , by 
the ſame ſecond part of Chapt, 1. So thar the diff-rence 
of the latitades is degr : 51:4 . And theſine of 229, 30, 
the complement of the ESE Rumbe is 38268. 


Say therfore againe by Qweſt. IiT, 


121% 20 Rad 5 fo'% . mn 
38268 10000 


W hich 4 the quantity of the Ships way in degrees, 


Q-rssT.X'. By the way of the Ship and the difference of 
longirnde bet veene the M-ridtins of any two plices where= 
of on« 1s grven, to find out the Rumbe leading from one place 
to the other, &- 


Theſe two Queſtions, as they are of little or no uſein 
Navigation ; ſo alſo they have no dire and immediate 
ſolution. But are performed after the manner of the 
rule of falſe poſition, by ſuppoſing reaſonably cither a 
Rum! e, or another latitude : and then according to 
.QDacſt. VII, and Qseſt. ViII, to find the difference of 
longitudes: which if it chance to fall out tobe the ſame 
thar 1s given in the 2 weftion ; you have your defire. If 
not : ſuppoſe the ſecond time: And laſtly by comparing 
of both errours argue the truth. 


Theſe two. 2 «eftions are not fo materiall , that I 
ſhould ſpend more time in fetring downe Examples 
thereof. I will leave that worke torhe ftulious pra- 
Filer. - 


QvBsrT. XIII. If it be required to know the diſtance 
upon the Rumb between any two places, the meaſwre of the 
way being knowne in degrees, You any multiply that 
meaſure of the way tn degrees by miics 66125, which is 
the number of miles contained in one 1ſt degree upon 
the earth, as was before affumeJ in Chapr. IIIT. 


And thus have I fhewed the wſe of the Infirument in 
the ſolution of all nautical! 2 ueftsons : which thing I ſpe- 
cially in this ſmall traftate ay med ar. W hich if it ſhall 
give any light and fatisfaction to ſach as are ſtudious in 
that moſt noble and uſefull art, | have my defire : which 
indeed onely is, that the ſociety of mankind may bec be. 
nefited, and God glorifyed, by every poore ability hee 
hath beene pleaſed to beſtow upon me. I was alſo in 
part minded to have annexed herennto certais problemeg, 
” 
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how by reaſonable conjeAnre the conrſe of the Ship may bee 
moſt probably reflifyed, when the reckoning thereof by the 
Compaſſe and way eſtimated, ſhall bee found to diſagres 
from the celefttall obſervations: W herein I ſhould have 
occaſion to ſpeake of the currents or hidden” motions of 
the Seas, how they are to be obſeryed, and how to be conſi- 
dered of tn computing the motion of the $ ip: Andalſo of 
the deflexiou (or as i may call it, the 674 ) of the Ship ben- 

ding and wheeling it ſelfe about continually to the one 

ſide; how, and what allowance may moſt reaſonably 

be made for it, Bur becauſe theſe doe not properly be- 

long to the Inſtrument, and are to me onely in ſpecnlati- 

on (which by reaſon. of my want of experience in Nau- 

ticall aftiires, I cannot ſo well dire& and ordaine for pra- 

ice at ſea) [ will for this preſent prztermit, eontenting 

my ſelfe with what harh beene already delivered. 


And if the e Maſters of Ships and Pilots will take the 
paines in the journalls of their voyages dilligently and 
faithfully to ſet downe in ſeverall columnes, not only the 
Rumbe they goe on, and the meaſtrre of the Ships way 
in degrees, and theobſervarions of latitude, and variati- 
oN of their compaiſe ; but alſo their conjectures and rea- 
ſons cfthe corre&ion they make of the aberrations they 
ſhall find, and the quality or condition of their Ship, and 
the diverſities and ſeaſons of the windes, and the ſecret 
motions or agitations of the Seas, when they beginne, 
and how long they continue, how farre they extend, 
and with what incquallity ; and what elſe they ſhall ob- 
ſerve atSea worthy conſideration , and will be pleaſed 
freely to communicate the ſame with Artiſts, ſach asare 
indeed skilfull in the Mathematicks, and lovers and inqui- 
rers of the truth : I doubt not bur that there ſhallin con- 
venient time be brought tolight many neceflary prz- 
cepts , which may tend to the perfeQting of navigation, 
and the help and faftie of ſuch, _ vocations = en- 

| = Orce 


07 A. Cs. 


35 


—_—_. 


I —— x A—— -—— 


56 Of N aVtgation. 


== O—> ——— -  . . 


force them to commit their lives and eſtates in the ya 
and wide Ocean to the providence of God : 
to whom be all prayſe, honour, and 
glory : And this is 


The End. 


T have at the requeſts of Maſter Elias Allen , given way 

that M after Gunters T able of the diviſien of the Adec- 
ridian lixe after Mercator, fbould be here inſerted, for 
the #/e of ſuch as will take the paines to enter nts 4 nf-- 
merary caleulation of the former Problemes, The 0- 
ther T ables of nat#rall Sines aud T angents are every 
where tobe had, ; 
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The Declarat on of tie two 
RvLERs for Calculation. 


dRAPARHe Rovers are fo framed and cempoſed, 
N that they may nor only be applyed to the 
uſ} calculation of Triangles, and the reſoluti- 
mL os of Arithwmetical Oueftions : but that 
D they may alſo very fitly ſerve for a 
| Crofſe-ftaffe to take the height of the 
Sunne, or any Starre above the Horizon, and alſo their 
diſtances. In which regard I call the /onger of the two 
Rulers the Staffe, and the Shorter the Tranſverſaric, 
And are inlengrh one to the other almoſt as 3 to 2. 


The Rwlers are juſt foure ſquare, with right angles : 
and equall in bignefle : they are thus divided, 


The Travſverſarie at the upper end noted with the 
letters S, T, N, E, onthe ſevcrall ſides, hath a prrnicide 
or fght : at thelower edge of which ſight isthe /ne of 
the Readings, or Vnite line, where the diviſions beginne. 


On the left edge of one of the ſides are ſet the De. 

ces from © to 33 degrees. And on the right edge 
of the fame ſide 1s ſer the line of Sives from go to 
x degree. 


In the next fide are ſer two lives of T angents, that = 
I the 


eee es <A CAE I 
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The uſe of 1 


_ the right edge gocth upward from 1 to 45 degrees : and 


thar on the left edge goeth downeward from 45 ro 
89 degrees. | 


Tn the third fide, on the right edge is ſet the /5ne of 
Numbers, having theſe figures in deſcent, 1, 9,8, 7,6, 5, 


4, 3, 2, 1, 9, 8, 7, &c. 


In the fourth {ide on the righr edge is ſet the /e of 
e/Equall parts: And on the left edge are diverſe chords 
for the dividing of Circles. 

The S:affe at the further end of it hath a /ockee with 
a pinnicide or fight : at which beginneth the zo degree, 
and ſo goeth on to go degrees at the end of the Staffe 
next your eye : whichdegrees from 30 to 90 are ſet on 
theright edge of one of the ſides of the Staffe, 


Then applying your Tra»/ver/aric to the Staffe with 
the lower end ſet to 90, marke on the foure ſides of the 
Staffe the line of the Radins or Ynite : at which on every 
left edge muſt beginne the ſingle line of Sines, T angents, 
and Nambers, the very ſame which were in the 7 7a»/- 
verſarie (that of the Sines being on that ide where the 
degreesare) only the/ize of Tangents, and numbers are 
continued beyond the line of the Radius, to the further 
end of the Staffe, 


And on the fourth fide of the Staffe in the middle are 
double diviſions : that on the right hand is a /ine of e/Z. 
quall parts to 100, reaching the whole lengrh of the 
Staffe : And on the left hand contiguous tothe former, 
is the line of Latitwdes or Elevations of the Pole unto 20 
degrees marked with the lcter L. 


The degrees both cf the Stafle, ..d Tranſverlaric, and 
; AESTECT DOLL. GE THEMURG, - 


— — ——— > ERIE ESE AAA Ft EE OCs OG IN A 


CCC TC—_— 


the two Rulers. 


alſo of the Sines and Tangents may bee divided into 6 
parts which containe ro minuts apiece : or rather into 
10 parts containing' 6 minutes-apiece : for ſo they may 
ſerve alſo for Decimals. 


Thus have you on the 10 Rylers the very famelines 
which are in the Circles of Proportion : and whatſoever 
can be done by thoſe Circles, may allo as well be perf or- 
med by the two Rulers : and the Rules which have bin 
here formerly ſet downe for that Inſtrument, may alſo 
be practiſed upon theſe : ſo that you bee carefull ro ob- 
ſerve in both the different propriety in working. It 
will not therfore be necdfull, to make any new and long 
diſcourſe, concerning theſe Rulers, but onely roſhew 
the manner, how they are tobe nſed, for the calculation 
of any proportion given. 


In working a Proportion by the Rulers, hold the 
Tranſoerſary in yorur left hand, with the end at which the 
line of the Rudins or Vu'te line 19, from you ward : tur- 
#iug that ſide of the Ryler upward, on which the line 
of the kind of the firſt terme 1s, whether it be Number, 
Size, or Tangent: and therein ſeeke both the firſfft terme, 
and the other which i homogene to it. Thes take the Staffe 
5s your right hand with that fide upward, in which the line 
of the kind of the fourth terme ſought for 8 : and ſecke in 
it the terme homogene tothe fourth. e Apply thu to the firſt 
#erme in the Tranſutrſarie : and the other homagene terme 
ſhall in the Staffe ſhew the forth terme. 


As if you would multiply 35 5 by 48 : Say 
1 . 355 :: 48 . I7040 , 


For if in the line of Nambers on the Staffe you rec- 
kan 355, and apply the fame to 1 in the lincof Numbers 
on the Tranſverſarie ; then ſhall 48 on the Tranfyerfarie 
ſhew 1-040 0n the Staffe, 

I 2 Againe 
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Againe if you would divide 17040 by 48 : Say 
48 , 1 :: 17040 . 355 


For if in the line of Numbers on the Tranſverfarie you 
reckon 48, and to the ſameapply 1 inthe line of Num- 
bers on the Staffe : then ſhall 17040 on the Tranſverfg- 
rie ſhew 355 on the Staffe. 


The true value of the fourth terme found, may be had 
by the 5 & 6 ſeQ: 2 chap: 1 part. 


Some Examples of working Proportions wee will 
borrow outof 3 chap : I part 


Example T. If 54 elncs of Holland be fold for 96 ſhil- 
lings : for how many fhillings ſhall 9 elnes be-ſold ? the 
worke ſhall be thus | 


5.4*l . 96th .» gel 8 165 : 


for if in theline of Numbers on the tranſverfarie you 
ſeeke the firſt terme 54 elnes,. and in that line on the 
Staffe you ſeeke 96 fhillings : and apply one to the 0- 
ther : then ſhall 9 elnes ſought out on the Tranſverfarie 
point out 16 ſhillings on the Staffe, 


Example 1IIT. There. js a Tower. whoſe height. I 
would meaſure. 


T take two ftations in the fame right line from the 
Tower : and at either ſtation having obſerved the height 
by the fights of rhe Staffe, I find the neerer ſtation 28 
deg: 7 min : almoſt : and the further ſtation 21 degr : 
58 minutes alm oft: and betweene both the Stations the 
diſtance was 76 feet. 

The: 


the two Rulers. 


The rule of meaſtring heights by two ſtations is con- 
tained in theſe Theoremes, 


Tat or, es the difference of the T angents of the ar- | 
ches cut in either Station, 1s to the diſtance betweene the ſta- 1 
tions: ſouthe Tangent of the leſſer arch, to the neerer di. 
ftance from the Tower, Againe 


TaEOR., eAs the Radins ts to the T angent of the grea- [| 
ter arch ; ſo u the neerer diftance found, tothe height, © 


And therefore becauſe according to 6 ſe&: I chap : [| 
T part, by application of the line of Numbers to the line | 
of Tangents (that i by applying the V nite line of the Staffe, 
to the Tangent in the Tranſverſarie, if the arch be leſſe then 
45 degy : , if the arch exceed 4g degr : by applying the 
ſaid Vuite line, unto the arch it ſelfe, or the complement | 
thereof, which inthe Tranſverſarie is all one) the Tangent {1 
of 289, 7' is 5343, andthe rangent of 219, 58' js 4033: | 
whoſe differences 1310: the Proportions will in the 
lines of Numbers be thus 


| 
Firſt, 1310 ., 96 :: 4033 . 234 | 

| 

| 


wherfore 234 feet i the neereſt diſtance 


Seeond, Radius , tang: 28%, 7 2: 234 , 125: | 
wherfore 1 25 feet is the height ſought for, | | 


Or elſe you may reſolve it at one operation thus, 


TazOR, e's the difference of the tangents of the com- 
plements of the arches 6ut i ezther ſtation, 
| # tothe Rado ; 
So 14 the diſtance betweene the ſtations, 
tothe altitude, 


P 3 Becauſe. 
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Becauſe accordingly as was before ſhewed, the tan- 
gent of the complement of 28®, 7 is 18715 :andthe 
tangent of the complement of 219, 58 is 24792 : whoſe 
difference is 6077. the proportions will in the line ef 
Numbers be thus 


6077 . I0000 :: 76 , 125 ; 


And theſe Rules may be alſo applyed to find out the 
diſtances of objes. 


Example V. To find the declination of the Sunne the 
ninth day of May, 


Becauſe upon the ninth day of May the place of the 
Sunne is in & 29: which is 59 degrees diftant from 
the next Aquinoiall point, Say in the line of Sines 


' Radius , fine 59* :: ſine 23%, 30 . ſine 199, 59 , 
And ſo muchis the declination ſought for, 


If the diſtance of the Sunne from the next Aquino- 
tial point exceed not degrees 2®, 30'. Breake thatarch 
into minutes, or decimal parts of a degree : and by the 
lines of Sines and numbers ay | 


eAs the Radins 14 

to the Sine of 239, 30'; 
So # the diſtance ( of the Sunne from the next 
e/Equinottial point ) 1n minates, or Decimals, 

to the declination in minutes, or Decimals, 


As if the declination of the Sunne being in np 255, 
45 be required : the diſtance of it from rhe next Aqui- 
noQtial pointis 2%, I5* that is minutes 135, fay. there- 


fore 
Rad 


the two Rulers. 


Rad . fine 23%, 30 :: 135' +: $$ 
which is the declination of the Sunne in that place. 


Example VI. To find the right aſcenſion of the Sunne 
upon the ninth of May. 


Becauſe upon the ninth of May the Sunne is 59 degr : - | 
diftant from the next AquinoQiall point : fay in the line 
of Sines onthe Tranſverſarie, and the line of tangents on by 
the Staffs | 


Rad . fin : compl: 232, 30':: tan:59*® . tan: 562% 46', 
{| 

which is the Sunnes right aſcenſton upon the ſame day. (| 

li 

| [ 

Or elſe (becauſe the Radius is the meane proportio- { 
nal beyweene the tangent of an arch and its comple- | 
ment) the ſame proportion might have beene thus ſet 


downe, 


t:com: 592. Rad :: ſin: com: 23%30' t: 560,46; 


In which manner ef propoſtre happening onely when 
there is inthe proportion the Radius and two tangents, | 
becauſe the two homogenes of the one kind are both ex- 4 
treame termes, and the two homoegenes of the other | | 


kind are both middle termes : the tangent is to be tur- 
ned into the tangent of the complement : and muſt 
charge places with the Radius. As by comparing the 
two former proportions doth plainely appeare. 


Becauſe that the greateſt difficultie of working by 
theſe Rulers falleth ont in the tangents, when the arches 
are in the ſecond mediety of the Quadrant, ir will bee 

| : convenygent 


| 
| 
'Y 


| 
| 
| 
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convenient to ſet downe ſew caſes wherein the worke dif- 
fereth from the ordinary manner, 


Caſe I. If the foure proportionals being all tangents, 
the arches of two of the termes given exceed 45 deg : 
and the arch of the third be lefle then 45 degr : as in this 
Example 


tan: 56® . tan: 3ZI® :: tan: 799 «+ tan: 649, 24': 


here the tangent of 319 on the Tranſverſarie being ap- 
plyed to the tangent of 569 on the Staffe, the tangent 
of 79® on the Staffe will outreach the Radius or end of 
the Tranſverfarie. Wherefore to find out the fourth 
proportional, marke what point of the Stafte, the line of 
the Radius on the Tranſverſarie doth touch, and to it 
(turning the Tranſverſarie) ſet the other end of the line 
of the Radius, and ſo ſhall the tangent 799 in the Staffe 
give you tangent 649, 24 in the Tranſyerſarie. 


Caſe IT. If the foure proportionals being all tan- 
gents, the arches of the three termes given exceed 45 
deg . asin this Example 


ian : 79? « tan: 56® :: tan: 649, 24 , tan: 31*®, 


turne the Tranſverſarie, and ſer the tangent of 569 there- 

in to tangent 799 onthe Staff: : and becauſe the Radius 
or end of the Tranſverſaiie reacheth not to the tangent 
64, 34" onthe Staffe : to find out the fourth proporti- 
nal, marke what point of the Stafte the line of the Kadi- 
us of the T ranſverfarie doth. touch, and toit (turning 
the Tranſverſarie) ſet the other endof the line of the 
Radius, and ſo'the tangent 649, 24' in the Staffe, will 
give you tangent 31? 1n the Tranſverſarie. 


.. 


Theſe 


the two Rulers. 


| Theſe two Cales, belig nothing 'elfe bnt's ſapplying 
of the ſhortnefſe of the Tranſverfarie , may ſerve as 2 
rule, and direction for all other workes of the fame 


kind 


Concerning the manner of working by 2 #adrats 
and Czbes upon the line of Nambers, And of 
duplicated and triplicated proportious, 


The difference of a Quadrat from a Qualrat double 
the difference berween their ſides. 


And the difference of a Cube from a Cube u triple the 
difference betweene their ſides. | 


ExampleTI, chap: 6, part 1. How many acres of 


W ood-land meaſured witha Perch of 18 feet, arc there 
in 73 acres of Champane-land meafared with a Pereh 
of 1615 feet? +5 


The meaſures given, 18, 1615 being reduced intothe 
leaft termes, areas12to 11, and the proportisn is reci- 
procall. Say therefore, 


+; 0:1. 1: 73 


W hich is thus wrought : Inthe line of Numbers ap- 
ply 11 on the Staffe, to 13 on the Tranſyerſarie, then 
ſhall 73 on the Tranſverſarie give 67 — on the Staffe: 
_ which 67 — being reckoned oa the Tranſverſarie (the 
Rulers ftanding as they did)fhall on the Staffe give 61134 
the number of acres in W ood-land meaſure, WE 


Example 111, chaps, part x. If pounds 0143 of gun- 
owder ſuffiſe to charge a Guane whereof the concave 


iameter is yaches x15 : how many pounds of powder 
B will 
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will tuffiſe to charge a Gunne whoſe concave * Diameter 
is ynches7 ? 


The capacities are one to the other asthe Cubes of the 
Diameters, And the proportion is direkt, Say therfore 


| C2 iff; -» C:9 :: 0143 « 4307 


W hich is thus wrought : In the lines of Num- 
bers apply 9. .0n the Steff:, unto 115 on the Tranſver- 
farie, then ſhall o13 on the Tranſverſarie give 
2:21— on the Staff : which 2191— being, reckoned on 
the Tranſverfarie ( the Kulers ſtanding as they did) ſhall 
on the Staff: give 9333 : and againe the ſame 913 33 be- 
ing reckoned on the T Tranſverfarie ſhall on the Staffe give 
4317 rhequantity of pounds of powder ſuffiſing. 


Example in 46 pag. of Navigation, A ſhip beginning 
her courſe at the Laticude of deg-: 38:2 , failerch upon the: 
# b N Rumbe, unto the I atitude of deg : 50#_: how: 
many degrees of Longitude hath it varied in that com: ſe > 


Here the angle of inclination of the #6 N. Rumbe 
with the Meridian is 789, 45, the tangent whereof is 
502734. Andby the donble diviſions on the fon"th fide 
of the Staffe, the Sumine of che Secants for the Laritule 
| of 50,5_ is 581591 _: and the ſuinmeof rhe Secants for 

j the Latitude of 3812_is 411392.: thediff:rence of which 
| is 191299 ; the ſumme of rhe Secants vf the parallels bes 
tweene thoſe two Latitudes. Say rherefore. 


Rad- , tang: 789, 45* :: 17299 ; FELL 


which is the difference of ——— berweene the Me- | 
ridians of the two places. | 

But becauſe this queſtion is of exceſleu ab very " 
quene. 


= 


the two Rulers. 


73 


 queytuſe, it will nor be amiſſe to ſer downear large the 
manner of working this Example upon the Rulers, 


T ooke the two Latitules 5oy , and 381 given, in 
the /ine of Latitudes or elenations of the Pole on the fourth 
fide ef the Staffe ; and either marke what numbecr each of 
them ſheweth in the /ie of /A£guall parts there, which 
you ſhall find ro be 58:92 , and 411392, the diff:rence 
of which is 178299 , as was before faid : or elſe more 
eaſily, ſet one foot of your Compaſſes on one of the Lati- 
tudes given, and open the other foot tothe other Lati- 
rude given: then keeping that aperture, ſet one of the 
feer in the beginning of rhat' /ive of e/E£quall parts, and 
the other foot ſhall upon the fame line ſhew the diffe- 
rence of Secants betweene the faid two Latitudes siven, 
that is 191299. | &; £03 


Then in working the Proportion z becauſe the angle 
of inclination of the Rumbe 78, 45" is more then 45 
deg : turne that edge of the Tranſverfarie on which the 
taygents .of arches above 45 are, toward the Staffe in 
your right band : and to the line of the, Radius apply 
17:99 ſought out on the line of Numbers on the 
Staffe : and fo ſhall tang : 589,45" on the Tranfverfarie : 
ſhew 86127 —- onthe Staffe, WTI, 


The Vſe of the Croſſe. Scaffe 


| 7s the more ready uſe of the Crofſe-ſtaff:,you are to 
remember that the degrees ſerving for the Cro fſe-Faffe 
are jlaced boih onthe $, raff and Tranſverſarie,on the ſame 
fide on which the line of Sines ##, And thatin framing 
thereof the Tranſiverſarie #5 to be ſet in the Socket fo that 
it may ſtand on the right hand of the Staffe, 
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The degrees onthe Tranſverſarieare only the firſt 30, 
and ſerve toſhew anangle notexceeding 3o0degrees. 


Yet jt would not be unuſefull if both the Tranſverfary 
and Staffe were made ſomewhar longer that the Tranſ- 
verſarie might containe 5 deg : after 3o ; and theStafte 
5 degreesbefore zo, 


To find an angle le fſe then 30 degrees 
between any two objetts, | 


Place the Socket at 5 deg: on the Staffe; and skrew it 
aft there : then ſetting.the'end-of the Staffe ro. your eye, 
draw the Tranſyerſfarie up. and'downe through: the Soc- 
ket,till you may ſee with your eye theſtwo objeRts upon 
the ewo fights of your Crofle-ſtafte : and ſo ſhall the des» 
grees cut on the Tranſverfarie ſhew ycu the angle of 
their diſtance, if it be not above zo degrees. 


To find an angle greater then 3o degrees, 
between any two objetts, 


Place the Socket ar 3o degrees of the Tranfverfarje, 
andsktew it faſt there : then ſetting theend ofthe Staffe 
to your eye, draw the Socket up and downe along the 
Staffe till you may ſee with your eye the two objedts 
upon the two fights of your Crofle-ſiaffe : and fo ſhall 
the degrees cut on the Staffe, ſhew the angle of their di- 
ſtance, if it þeaboygzodegrees, ,.  ,! 

And thus much, together with that which hath been 
before taught in Example, IH : willbee fufficientfor 
the Ve of the Croffeſtaffe: eſpecially ſeeing ſo many man | 
have already written upon this Argumett, - b 


Soli Deo gloria. 


| . The Tranſlator to'the Reader, 
; Gentle Rbader ; by reaſon of my abſence, while this 


pp Booke Was in the Preſſe, it no mervasle. though 
. ſome faults have eſcaped, which you will be pleaſed 
to amend thus, 


'Pag. 3, tin, 1,the third circle- p.8, tin. uit, ſo *t2 is 0,7 5. 
pag. 14, 111.14, 2.0413927 pag. 15, 1,1, the firlt 
terme ofa progreſſion p. 16, /5z, 24, 108133 3+; pag. 17, 
lin. 17, the antecedent arme /5», 28, 4 chap, pag. 18, 
lin, 19, terme given from . pag, 19, /i.11, inthe fift 
circle pag+20, /:2.19, lyc hid. Asinthis /i, 20, 
D -. * rat anul®—1mR.::'@..Z, 
1;2, 28, and Rat, mul®inRin«—R ina, 
lin. alt. and Rat, mui®* in R—R, in, 
pag. 21, (53.1, and Rat mul'* in —e, in R, 

And alſo in the e/Equations pag, 21, 24, 26, which hawe 
a magnitnde aquall to a fratlion : the ſame magnitude to- 
gether with the note of equality,ought to be ſet right againſt 


the line that iu betweene the Numerator aud Denominator 
; : Rat. mul**—x 11 in 
of the frattion,as intheſe, nies nRme __ 


Ws Rat .mul** in R—R , And ſo of the reſt. 


ara Bus Rat. mul'#—1inRin« 

PS-095 99:25 Rat. mul in D 

. pag. 25, 11n,20,arme at 711382 : 

lin, 23,(for it is Rat, mul®— x1inRin«e) 

pag 26, /5n, x6. Ratiocination pag. 29, 459, 29, number 

of figures pag. 35, !tn. 5, 61; pag. 36, lin. 11, 

437_-. 1745 , lin.14, :: 17145 , 326% pag. 37, 

t1n,11, 311416, page 39, 119.15, 3392928 pag. 41, ling, 

Oras I Isto 1,9472 : pag. 44, lin,% isaroefe lin, 26, 

thereof pag. 45, /in. Io, feet 5291175 . pag. 46, lin3, 

more ſides then foure pag.5 3, 1in,1o, Cylindrical veſſel. - 
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Thedegrees on the Tranſverſarieare only the firſt 30, 
and ſerve toſhewanangle notexceeding 3odegrees. 


Yet it would not be unuſefull ifboth the Tranſverfary 
and Staffe were made ſomewhar longer that the Tranf- 
verſarie might containe 5 deg : after 3o ; and the Stafte 
5 degreesbefore 30, | 


To find an angle le fſe then 30 degrees 
between any two objebts, | 


Placethe Socket at 5 deg: on the Staffe; and skrew it 
ft there : then ſetting.the'end-of the Staffe. ro. your eye, 
draw the Tranſyexfarie up. and'downe through the Soc- 
ket,till you may ſee with your eye theſrwo objets upon 
the two fights of your Crofle-ſtafte : and ſo ſhall the de- 
grees cut on the Tranſverſarie ſhew ycu the angle of 
their diſtance, if it be not above zo degrees. 


To find an angle greater then 30 degrees, 
between any two objetts. 


| Place the Socket at 3o degrees of the Tranfrerfarie, . 
andskrew it faſt there : thenſetting theend ofthe Staffe 
ta your eye, draw the Socket up and downe along the 
Staffe till you may ſee with your eye the two objeas 
upon the two fights of your Crofle-{iaffe : and fo ſhall 
the degrees cut on the Staffe, ſhew the angle of their di- 
ſtance, if tt, þeaboygzodegrees. , .,; = 
And thus much, together with that which hath been 

before taught in Example, INT : will bee fafficientfor 
the V{e of the Croffeſtaffe: eſpecially ſeeing ſo many man | 
have already written upon this Argument, . . * 


Soli Deo gloria, 
FINTIS. 


| _ The Tranſlator tothe Reader, 


" Tentle Reader ,' by reaſon of my abſence, whileſ this 
'* Booke Wacinthe Preſſe, it 190 meruasle though 

"ſome faults have eſcaped, which you will be pleaſed 

to amend thus, 
. Pag. 3, lin, I, the third circle p.8, /1n. ult, ſo 312 180,75, 
pag. 14, (in.,14, 2.0413927 pag. 15, 11,1, the firlt 
terme ofa progreſſion p. 16, /iz, 24, lo813 3+ ; pag 17, 
lin. 17, the antecedent arme. /:», 28, 4 chap, pag. 18, 
lin, 19, terme given from . pag, 19, /in.11, inthe fift 
circle pagi20, 452.19, lyc hid, Asinthis /in, 20, 
D -. * rat,mul®—1in R :::4.Z, 
liz, 28, and Rat, mul**®inRin«—R in, 
lin.ult, and Rat. mui** in R—R, in, 
pag. 21, 451.1, and Rat mul'* in«—4, in R, 
And alſo un the e/Equations pag, 21, 24, 26, which haue 

a magnitnde aquall to a fratltion : the ſame magnitude to- 
gether with the note of equality,ought to be ſet right againſt 


the line that i betweene the Numerator aud Denominator 
: . Rat. mul®—-r 1 Rine 
of the frattion,as in theſe, pace aes,, 6 n Rm ms > I 


D 
And Eo Rat. mul*® in R—R , And fo of the reſt, 


ae 6h; He 2 Rat. mul'2—1inRin= 

PAS F2 099255 Rat. mule in D 

pag. 25, 11n,20,arme at 711382 : 

lin, 23,(for it is Rat. mul®—1xinRine) 

pag 26, /51, x6. Ratiocination pag. 29, 19, 29, number 

of figures pag. 35, lin. 5, 61; pag. 36, lin. 11, 

4317_. 1745 , lin.14, :: 1745 , 3264 pag. 37, 

tin. 11, 311415, page 39, 11.15, 33982928 pag. 41, (5n.19, 

Oras I Isto 1,9472 : pag. 44, lin, 8 i8aroefe lin, 26, 

thereof pag. 45, /in. Io, feet 5291175 . pag. 46, lin3, 

more ſides then foure pag.s 3, /in,1o, Cylindrical veſſel. 
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: pag. 47, lin. 9, &28, pag 48, linay & 31, for 87927: 


pag. 53, lin. 18, if falſe, why 7:x.20, error ? pr; 57 
{in.14, c:mmon opinion is, that at London a Cylindrical 
lin, 28, 16,5_ pag.74,1in.28, the Summe, pag.78,/w 6, 
third houſes 74:.28, Adde go degrees pag.79, /in.22, 
and the goth degree pag.82, /in.5, 26 pag 94,lin.21, 
a circle, or go degrees. pag.95, liv. 34, angle D be ob- 


_ tuſe, pag. 96,11n.4, ſigne+ /in.21,,q :Z+X: pag.too, 


lin. 3,and then the fide DC 7» the VIII diagramme of 
right-lined Triangles the leter A u wanting at the | 6a 
culer, And inthe VI the angleB onght to have been mar- 
ked with a little line, pag.113, 1in.7, the delineation 
4g. 1 37, (in. x, the ſunne goeth not under pag. 131, 
tis.19, in the paper pag.1 3 2,7in,10, tothe tangent of 
the arch, pag. 134, {i#. #/t. North or South dire in- 
clining : pag. 135, {in. 1, North or South dire re- 
clining. 1:5.8, either face of the Plaine looketh: p.143, 
{ix.z, [n North reclining and South inclining pag. 144, 
tin.19, inftrument through the Pole of the Zquinotial, 
3s one of theſe three. pag. 15 3, /iv. 30, North dyal de- 
clining Eaſtward 3 5 degrees | 
4-JU 39 
Inthe Additament of Navigation, 
pag.2, lin,t1, for valure reade value pag.6, (19.9, & 12, 
for ſig»es reade fines pag.29,11n,20,21,24,for 45 read 48 
lin, 20, for an halfe reade eight thouſanch parts &- 
lin. 25, for min : 217_reade min: 2188 pag. 454/13, 20 


read 861958 - pag. 47, !in,mlt. for 205734, read 502734. 
216000F _- | 


» 349800G 


pag. 28,lin,s 


